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vABSTRACT
The increase in energy consumption and the limited supply of petroleum fuels 
has raised interest toward development of biobutanol production from cellulosic 
materials. This research performed the production of biobutanol using hydrolysate from 
pretreated lemongrass leaves in addressing the petroleum depletion issue and serves as 
an efficient process for green fuel technology. Chemical composition analysis shows 
that lemongrass leaves are made up of cellulose, hemicellulose and lignin with solid 
fraction of 47.21%, 32.41% and 13.17% (w/v), respectively. Screening for suitable 
pretreatment methods resulted in the highest reducing sugar production of 61.05 g/L 
employing physico-chemical pretreatment method (autoclaving at 121°C for 15 minutes 
in 2% (v/v) of sulphuric acid) followed by enzyme saccharification using Celluclast and 
Novozyme enzyme cocktails at concentration of 3% (v/v) each using 7% (w/v) of 
lemongrass leaves. Application of central composite design (CCD) on enzyme 
saccharification further improved reducing sugar production to 80.1 g/L equivalent to 
1.31 fold improvement compared to that before optimization. A total of 13 bacteria 
strains were isolated anaerobically from various sources using rolling tube technique and 
anaerobic chamber. Strain SR1 which was further identified as Clostridium beijerinckii 
SR1 using 16S rRNA technique exhibited ability to produce highest butanol of 0.71 g/L. 
Optimization of biobutanol production in batch culture using general factorial design 
(GFD) for screening of suitable nitrogen source and CCD for optimization of 
fermentation parameters resulted in improved biobutanol production of 1.40 g/L which 
was 1.97 fold higher compared to before optimization. Application of CCD further 
suggested that temperature, pH, reducing sugar concentration, nitrogen source (meat 
extract) concentration were fixed at 34.91°C, 6.48, 50.06 g/L and 47.72 mM 
respectively. An initial pH of 6.48 (without pH control at acidogenic phase) and 
controlled pH during solventogenic phase at 5.5 gave rise to biobutanol production to 
1.52 g/L which was 1.09 fold before application of pH control strategy. Fix mode, 
constant variable mode and exponential mode of feeding were screened for optimum 
biobutanol production in fed batch culture. Exponential feeding mode with dilution rate 
of 0.04 h-1 resulted in highest biobutanol production of 1.91 g/L that was 1.26 fold 
higher compared to batch culture. Application of repeated fed batch system using 60% 
(v/v) of replacement ratio further improved biobutanol production to 2.46 g/L which was 
1.28 fold and 1.62 fold higher compared to fed batch system and batch system 
respectively. Based on the research performed, pretreated lemongrass leaves have a great 
potential to be used as a substrate for biobutanol production.
vi
ABSTRAK
Peningkatan penggunaan tenaga dan bekalan bahan api petroleum terhad meningkatkan 
minat terhadap perkembangan penghasilan biobutanol dari bahan selulosa. Dalam 
penyelidikan ini penghasilan biobutanol dilakukan menggunakan hidrolisat dari daun 
serai yang diprarawat dapat membantu masalah pengurangan petroleum dan menjadi 
proses efisien bagi penghasilan bahan api teknologi hijau. Analisa komposisi kimia 
menunjukkan daun serai terdiri daripada sellulosa, hemisellulosa dan lignin dengan 
kandungan pepejal masing-masing adalah 47.21%, 32.41% and 13.17% (w/v). 
Penyaringan kaedah prarawatan yang sesuai menghasilkan gula penurun tertinggi 61.05 
g/L menggunakan kaedah prarawatan gabungan fizikal-kimia (autoklaf pada suhu 
121°C selama 15 minit di dalam 2% (v/v) asid sulfurik) diikuti sakarifikasi 
menggunakan koktel enzim Celluclast and Novozyme pada kepekatan 3% (v/v) dengan 
7% (w/v) daun serai. Aplikasi Central Composite Design (CCD) melalui sakarifikasi 
berenzim meningkatkan produksi gula penurun kepada 80.1 g/L bersamaan dengan 1.31 
ganda peningkatan berbanding sebelum pengoptimuman. Sebanyak 13 strain bakteria 
dipencilkan dari pelbagai sumber menggunakan teknik gulingan botol dan kebuk 
anaerobik bagi penghasilan biobutanol. Strain SR1 yang diidentifikasi sebagai 
Clostridium beijerinckii SR1 melalui kaedah 16S rRNA menunjukkan keupayaan 
menghasilkan biobutanol tinggi sebanyak 0.71 g/L. Pengoptimuman penghasilan 
biobutanol dalam kultur kelompok menggunakan General Factorial Design (GFD) 
untuk pemencilan sumber nitrogen dan CCD bagi pengoptimuman parameter fermentasi 
telah meningkatkan penghasilan biobutanol kepada 1.40 g/L iaitu 1.97 ganda lebih tinggi 
berbanding sebelum pengoptimuman. Aplikasi CCD mencadangkan agar suhu, pH, 
kepekatan gula penurun, kepekatan sumber nitrogen (ekstrak daging) ditetapkan masing- 
masing pada 34.91°C, 6.48, 50.06 g/L and 47.72 mM. pH permulaan pada 6.48 (tanpa 
kawalan fasa asidogenik) diikuti kawalan pH pada 5.5 sewaktu fasa solventogenik 
meningkatkan penghasilan biobutanol kepada 1.52 g/L iaitu 1.09 ganda lebih tinggi 
sebelum aplikasi pengawalan pH strategik. Suapan mod tetap, mod malar dan mod 
eksponen disaring bagi penghasilan biobutanol tertinggi dalam kultur kelompok suapan. 
Mod eksponen dengan kadar pencairan 0.04 h-1 menghasilkan biobutanol tertinggi 
sebanyak 1.91 g/L iaitu 1.27 ganda lebih tinggi berbanding kultur kelompok. Aplikasi 
sistem suapan kelompok ulangan menggunakan 60% (v/v) nisbah penggantian 
meningkatkan penghasilan biobutanol kepada 2.46 g/L masing-masing adalah 1.28 
ganda dan 1.62 ganda lebih tinggi berbanding sistem suapan kelompok dan sistem 
kelompok. Berdasarkan penyelidikan yang dijalankan, daun serai yang telah diprarawat 
mempunyai potensi untuk digunakan sebagai substrat bagi penghasilan biobutanol
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CHAPTER 1
INTRODUCTION
As the crude oil prices started to rise tremendously from the beginning of the 
1970s due to the “oil crisis” together with the uncertainty of petroleum supplies and 
emergent of environmental concern, the world have started to pay more attention 
towards production of biofuel. The anaerobic fermentation of various polyoses 
obtained from cellulosic materials especially agricultural waste to solvent via ABE 
fermentation (acetone-butanol-ethanol) has been reported and commercially used 
since the World War 1 and 2 (Kandhola et al., 2017; Qureshi et al., 2008). However, 
less interest was shown towards microbial fermentation process compared to 
petrochemical industries due to tedious process and it’s not economically visible. 
The development of biotechnology filed however in the recent years had contributed 
to the enhancement of the biological process towards ABE fermentation using 
cellulosic materials obtained from agricultural waste to reduce the cost for raw 
materials. Since then, substantial research efforts on ABE production had been 
carried out in multiple fields, namely in fermentation technology, to improve solvent 
yields, low volumetric productivities and final product concentration.
2ABE fermentation gained interest of researchers worldwide and attracts more 
investors as the solvents produced possess many applications in industries. 
Biobutanol is an important chemical with many applications in the plastic industry 
and as a potential fuel extender. This chemical has many characteristics, which make 
it a better fuel extender than ethanol (Wu et al., 2013). Biobutanol also has good 
potential to be used as an extractant in the food and flavor industry. They are several 
areas in ABE process that can be continuously improved to obtained high yield of 
solvents. They are (i) improvement of strains, (ii) development of fermentation 
techniques (iii) improvement of pretreatments. A large number of solventogenic 
clostridia have been reported over the years (Gholizadeh, 2010). A promising route to 
improve ABE-fermentation is the development of metabolic and genetically-modified 
clostridia with increased solvent production due to reutilization of carboxylic acids 
accumulated during the acidogenic phase of carbohydrate uptake, and increased 
resistance to product inhibition.
Lignocellulose is a major structural component of woody and non-woody 
plants. It consists of three major structure, cellulose, hemicellulose and lignin. The 
effective utilization of all the three components would play a significant role in the 
economic viability of cellulosic biobutanol. In recent years, Malaysia has performed 
research on utilization of various lignocellulosic wastes such as empty fruit bunch 
(Ibrahim et al., 2015), paddy straw (Rahnama et al., 2014) and sago pith residues 
(Linggang et al., 2013). To implement a successful biobutanol production process, 
the first impediment to be resolved is the efficient removal of lignin and 
hemicellulose through a cost effective pretreatment process (Wi et al., 2015). The 
selection of pretreatment should take into consider of overall suitability of feedstock, 
enzymes and organisms to be used (Sarkar et al., 2012). Although various polyoses 
can be obtained from pretreated lignocellulosic materials, a suitable pH regulation is 
important to increase solvent production as the efficiency of enzymes produced for 
ABE fermentation by the strain are sensitive towards external factors such as pH. 
Very few studies are reported on pH control strategies for ABE fermentation which 
utilizes pretreated lignocellulosic materials.
3Batch reactors are usually preferred in the industry due to its simple mode of 
operation while reducing the contamination risk. However, the productivity obtained 
in a batch reactor is generally low due to the lag phase, product inhibition effects, 
cleaning, sterilizing, and re-filling the reactor. The preparation time and lag phase 
can be surpassed by using continuous operation and the problem of product 
inhibition can be resolved through the incorporating an in situ product removal 
system (Veettil et al., 2016). To overcome substrate inhibition and to increase the 
substrate concentration, fed-batch mode of operation with intermittent or continuous 
feeding of nutrients has been used for biobutanol production. A fed-batch culture by 
feeding butyric acid and glucose has been studied in an acetone-butanol-ethanol 
(ABE) fermentation using Clostridium saccharoperbutylacetonicum N1-4 introduced 
by Tashiro et al. (2004). Thus, various fermentation techniques besides traditional 
batch system are being researched worldwide. Suitable fermentation system depends 
on choices of microorganism, substrate, downstream process and feasibility.
In Malaysia, up to 160 million tons of agricultural wastes is produced 
annually (Goh et al., 2010; Ozturk et al., 2017). This includes lemongrass leaves 
after the cultivation process of the stalks. Malaysia had been known to produce 
nearly 7612 tonnes of lemongrass leaves in year 2012 (Ang et al., 2015b; Hussin et 
al., 2015). Lemongrass leaves are one of the most abundant agricultural wastes that 
contain high lignocelluloses materials in Malaysia. Lignocellulosic materials in 
lemongrass leaves can be converted into sugars for biobutanol production by suitable 
pretreatment. This research would be the first attempt in the world for utilization of 
treated lemongrass leaves for biobutanol production via microbial biotransformation. 
This invention could be a stepping stone for utilization of agricultural waste to 
commercial valued products. In the present study, hydrolysate from pretreated 
lemongrass leaves was used as a source of carbon to produce biobutanol. This study 
provides a solution for almost all the limitation occurred in previous researchers 
during ABE production using different lignocellulosic substrate. This includes 
selection of suitable pretreatment, application of pH control strategic and application 
of fed batch system for ABE fermentation process.
41.1 Objectives
The objectives of the research are:
1. To screen and optimize suitable pretreatment technique of lemongrass leaves 
for optimum sugar production.
2. To isolate, screen and identify potential biobutanol producer.
3. To optimize the fermentation medium for optimum biobutanol production in 
batch culture using general factorial design (GFD) and central composite 
design (CCD).
4. To develop suitable pH control strategy for optimum biobutanol production 
in 2L bioreactor.
5. To screen for suitable feeding strategy in fed batch and repeated fed batch 
culture for optimized biobutanol production.
1.2 Problem Statem ent
The search for sustainable energy calls for the usage of renewable resources 
as the feedstock (Bramono et al., 2011). Apart from alleviating pollution problems, 
alcohols converted from the cellulosic biomass are promising alternative fuels such 
as biobutanol and can be used to fulfill the increasing energy demand (Maddipati et 
al., 2011). ABE fermentation for biobutanol production however requires high cost 
of raw materials. Since Malaysia is rich in various agricultural resources, there will 
be fewer tribulations in finding a potential and cost effective substrate to be exploited 
for ABE fermentation (Aditiya et al., 2016). Bioconversion of renewable 
lignocellulosic biomass to biofuel and value added products are globally gaining 
significant prominence. In Malaysia, the government support for lemongrass
5plantation can be seen by help given through MARDI, a government body which was 
founded to aid in the agricultural sector in the country (Ahamad et al., 2013).
During the lemongrass stalk harvesting, 70% of the plant materials were 
discarded as waste (Hussin et al., 2015). The major problem encountered during 
harvesting of lemongrass is the waste, management system. Due to its content which 
high in aromatic compounds, the waste does not served as ruminants feed (Kaur and 
Dutt, 2013). It had been reported that developing countries such as Malaysia find an 
easier solution such as open burning system without any proper controls to dispose 
their solid waste such as agricultural waste (Ogawa, 2008). Besides that, the high 
content of cellulosic components in the lemongrass increased the value of the 
baggase produced to be utilized (Ang et al., 2015b). Thus, this study proposes to 
utilize the lemongrass leaves which are the major waste as an alternative inexpensive 
substrate in the production of biobutanol.
1.3 Scope of Research
The scope of this research is to study the biobutanol production from 
hydrolysate of pretreated lemongrass leaves using locally isolated anaerobic bacteria. 
Various pretreatment techniques were screened for optimum reducing sugar 
production. Optimization of enzyme saccharification process using commercial 
enzyme cocktails was performed using central composite design (CCD). Strains from 
various sources were isolated and screened for biobutanol production via ABE 
fermentation. Strain which produced highest biobutanol via ABE fermentation and 
identified using 16S rRNA method. Suitable nitrogen source was selected using 
general factorial design (GFD). Optimization of selected parameters such as 
temperature, pH, incubation period, carbon source concentration and nitrogen source 
concentration in batch culture was performed employing central composite design 
(CCD). Selection of suitable pH control strategy during acidogenic and
REFERENCES
Abd-Alla, M. H., and El-Enany, A. W. E. (2012). Production of acetone-butanol- 
ethanol from spoilage date palm (Phoenix dactylifera L.) fruits by mixed 
culture of Clostridium acetobutylicum and Bacillus subtilis. Biomass and 
Bioenergy, 42, 172-178.
Abramson, M., Shoseyov, O., and Shani, Z. (2010). Plant cell wall reconstruction 
toward improved lignocellulosic production and processability. Plant 
Science, 178(2), 61-72.
Aditiya, H. B., Chong, W. T., Mahlia, T. M. I., Sebayang, A. H., Berawi, M. A., and 
Nur, H. (2016). Second generation bioethanol potential from selected 
Malaysia’s biodiversity biomasses: A review. Waste Management, 47, 46-61.
Agbor, V. B., Cicek, N., Sparling, R., Berlin, A., and Levin, D. B. (2011). Biomass 
pretreatment: fundamentals toward application. Biotechnology
Advances, 29(6), 675-685.
Ahamad, W.M.A.W., Anuar, A., & Sharu, E.H. (2013). Mekanisasi ladang bagi 
pengeluaran serai makan. Buletin Teknologi MARDI, Bil. 3(2013): 33 -  40.
Aiemsaard, J., Aiumlamai, S., Aromdee, C., Taweechaisupapong, S., and Khunkitti, 
W. (2011). The effect of lemongrass oil and its major components on clinical 
isolate mastitis pathogens and their mechanisms of action on Staphylococcus 
aureus DMST 4745. Research in Veterinary Science, 91(3), e31-e37.
Akpinar, O., Erdogan, K., Bakir, U., and Yilmaz, L. (2010). Comparison of acid and 
enzymatic hydrolysis of tobacco stalk xylan for preparation of 
xylooligosaccharides. LWT-Food Science and Technology, 43(1), 119-125.
259
Al Loman, A., Islam, S. M., Li, Q., and Ju, L. K. (2017). Enzyme recycle and fed-batch 
addition for high-productivity soybean flour processing to produce enriched soy 
protein and concentrated hydrolysate of fermentable sugars. Bioresource 
Technology, (241), 252-261.
Al-Shorgani, N. K. N., Ali, E., Kalil, M. S., & Yusoff, W. M. W. (2012a). 
Bioconversion of butyric acid to butanol by Clostridium 
saccharoperbutylacetonicum N1-4 (ATCC 13564) in a limited nutrient 
medium. BioEnergy Research, 5(2), 287-293.
Al-Shorgani, N. K. N., Kalil, M. S., and Yusoff, W. M. W. (2012b). Fermentation of 
sago starch to biobutanol in a batch culture using Clostridium saccharo­
perbutylacetonicum N1-4 (ATCC 13564). Annals o f  Microbiology, 62(3), 1059­
1070.
Al-Shorgani, N. K. N., Kalil, M. S., and Yusoff, W. M. W. (2012c). Biobutanol 
production from rice bran and de-oiled rice bran by Clostridium saccharoper­
butylacetonicum N1-4. Bioprocess and Biosystems Engineering, 35(5), 817-826.
Al-Shorgani, N. K. N., Shukor, H., Abdeshahian, P., Kalil, M. S., Yusoff, W. M. W., 
and Hamid, A. A. (2016). Enhanced butanol production by optimization of 
medium parameters using Clostridium acetobutylicum YM1. Saudi Journal o f  
Biological Sciences. (In Press)
Altaf, M. D., Naveena, B. J., Venkateshwar, M., Kumar, E. V., and Reddy, G. (2006). 
Single step fermentation of starch to L (+) lactic acid by Lactobacillus 
amylophilus GV6 in SSF using inexpensive nitrogen sources to replace peptone 
and yeast extract-optimization by RSM. Process biochemistry, 41(2), 465-472.
Alvira, P., Tomas-Pejo, E., Ballesteros, M. J., and Negro, M. J. (2010). Pretreatment 
technologies for an efficient bioethanol production process based on enzymatic 
hydrolysis: a review. Bioresource Technology, 101(13), 4851-4861.
Amiri, H., and Karimi, K. (2015). Improvement of acetone, butanol, and ethanol 
production from woody biomass using organosolv pretreatment. Bioprocess and 
Biosystems Engineering, 38(10), 1959-1972.
260
An, D., Li, Q., Wang, X., Yang, H., & Guo, L. (2014). Characterization on hydrogen 
production performance of a newly isolated Clostridium beijerinckii YA001 
using xylose. International Journal o f  Hydrogen Energy, 39(35), 19928-19936.
Anand, M. K. (2013). Antibacterial effect of lemongrass oil on oral microorganisms: an 
in vitro study. Journal o f  Pharmaceutical and Scientific Innovation, 2(2), 41-43.
Andersch, W., Bahl, H., and Gottschalk, G. (1982). Acetone-butanol production by 
Clostridium acetobutylicum in an ammonium-limited chemostat at low pH 
values. Biotechnology Letters, 4(1), 29-32.
Andreesen, J. R., Bahl, H., and Gottschalk, G. (1989). Introduction to the physiology 
and biochemistry of the genus Clostridium. In Clostridia (pp. 27-62). Springer 
US.
Ang, S. K., Yahya, A., Abd Aziz, S., and Md Salleh, M. (2015a). Potential uses of 
xylanase-rich lignocellulolytic enzymes cocktail for oil palm trunk (OPT) 
degradation and lignocellulosic ethanol production. Energy and Fuels, 29(8), 
5103-5116.
Ang, S. K., Yahya, A., Abd Aziz, S., and Md Salleh, M. (2015b). Isolation, screening, 
and identification of potential cellulolytic and xylanolytic producers for 
biodegradation of untreated oil palm trunk and its application in saccharification 
of lemongrass leaves. Preparative Biochemistry and Biotechnology, 45(3), 279­
305.
Ang, T. N., Ngoh, G. C., Chua, A. S. M., and Lee, M. G. (2012). Elucidation of the 
effect of ionic liquid pretreatment on rice husk via structural 
analyses. Biotechnology fo r  Biofuels, 5(1), 67.
Antoni, D., Zverlov, V. V., and Schwarz, W. H. (2007). Biofuels from 
microbes. Applied Microbiology and Biotechnology, 77(1), 23-35.
Atsumi, S., Hanai, T., and Liao, J. C. (2008). Non-fermentative pathways for synthesis 
of branched-chain higher alcohols as biofuels. nature, 451(7174), 86.
Auxenfans, T., Buchoux, S., Larcher, D., Husson, G., Husson, E., and Sarazin, C.
(2014). Enzymatic saccharification and structural properties of industrial wood 
sawdust: recycled ionic liquids pretreatments. Energy Conversion and
Management, 88, 1094-1103.
261
Azzam, A. M. (1989). Pretreatment of cane bagasse with alkaline hydrogen peroxide for 
enzymatic hydrolysis of cellulose and ethanol fermentation. Journal o f  
Environmental Science and Health Part B, 24(4), 421-433.
Babu, K. R., and Satyanarayana, T. (1995). a-Amylase production by thermophilic 
Bacillus coagulans in solid state fermentation. Process Biochemistry, 30(4), 305­
309.
Badger, P. C. (2002). Ethanol from cellulose: a general review. Trends in new crops and 
new uses, 1, 17-21.
Badiei, M., Asim, N., Jahim, J. M., and Sopian, K. (2014). Comparison of chemical 
pretreatment methods for cellulosic biomass. APCBEEprocedia, 9, 170-174.
Bae, S. M., Park, Y. C., Lee, T. H., Kweon, D. H., Choi, J. H., Kim, S. K., and Seo, J. H. 
(2004). Production of xylitol by recombinant Saccharomyces 
cerevisiaecontaining xylose reductase gene in repeated fed-batch and cell-recycle 
fermentations. Enzyme and Microbial Technology, 35(6), 545-549.
Bahl, H., Andersch, W., and Gottschalk, G. (1982). Continuous production of acetone 
and butanol by Clostridium acetobutylicum in a two-stage phosphate limited 
chemostat. Applied Microbiology and Biotechnology, 15(4), 201-205.
Bahl, H., and Gottschalk, G. (1984, January). Parameters affecting solvent production by 
Clostridium acetobutylicum in continuous culture. In Biotechnology and 
Bioengineering. Symposium. United States: (Vol. 16).
Bakkali, F., Averbeck, S., Averbeck, D., and Idaomar, M. (2008). Biological effects of 
essential oils-a review. Food and Chemical Toxicology, 46(2), 446-475.
Balat, M. (2009). Bioethanol as a vehicular fuel: a critical review. Energy Sources, Part 
A, 31(14), 1242-1255.
Balat, M. (2011). Production of bioethanol from lignocellulosic materials via the 
biochemical pathway: a review. Energy conversion and management, 52(2), 858­
875.
Ballongue, J., Amine, J., Masion, E., Petitdemange, H., and Gay, R. (1985). Induction of 
acetoacetate decarboxylase in Clostridium acetobutylicum. FEMS Microbiology 
Letters, 29(3), 273-277.
262
Bandaru, V. V. R., Somalanka, S. R., Mendu, D. R., Madicherla, N. R., and Chityala, A. 
(2006). Optimization of fermentation conditions for the production of ethanol 
from sago starch by co-immobilized amyloglucosidase and cells of Zymomonas 
mobilis using response surface methodology. Enzyme and Microbial 
Technology, 38(1), 209-214.
Banerjee, S., Mudliar, S., Sen, R., Giri, B., Satpute, D., Chakrabarti, T., and Pandey, R. 
A. (2010). Commercializing lignocellulosic bioethanol: technology bottlenecks 
and possible remedies. Biofuels, Bioproducts and Biorefining, 4(1), 77-93.
Bankar, S. B., Survase, S. A., Ojamo, H., and Granstrom, T. (2013a). Biobutanol: the 
outlook of an academic and industrialist. RSC Advances, 3(47), 24734-24757.
Bankar, S. B., Survase, S. A., Ojamo, H., and Granstrom, T. (2013b). The two stage 
immobilized column reactor with an integrated solvent recovery module for 
enhanced ABE production. Bioresource Technology, 140, 269-276.
Bankar, S. B., Survase, S. A., Singhal, R. S., and Granstrom, T. (2012). Continuous two 
stage acetone-butanol-ethanol fermentation with integrated solvent removal 
using Clostridium acetobutylicum B5313. Bioresource Technology, 106, 110­
116.
Baral, N. R., and Shah, A. (2017). Comparative techno-economic analysis of steam 
explosion, dilute sulfuric acid, ammonia fiber explosion and biological 
pretreatments of corn stover. Bioresource Technology, 232, 331-343.
Barker, H. A. (2014). Glutamate fermentation and the discovery of B, 
coenzymes. Reflections on Biochemistry: In Honour o f  Severo Ochoa, 95.
Becerra, M., Cerdan, M. E., & Gonzalez-Siso, M. I. (2015). Biobutanol from cheese 
whey. Microbial Cell Factories, 14(1), 27.
Bellido, C., Pinto, M. L., Coca, M., Gonzalez-Benito, G., and Garcia-Cubero, M. T.
(2014). Acetone-butanol-ethanol (ABE) production by Clostridium beijerinckii 
from wheat straw hydrolysates: Efficient use of penta and hexa
carbohydrates. Bioresource Technology, 167, 198-205.
Bensah, E. C., and Mensah, M. (2013). Chemical pretreatment methods for the 
production of cellulosic ethanol: technologies and innovations. International 
Journal o f  Chemical Engineering, 2013.
263
Berezina, O. V., Zakharova, N. V., Brandt, A., Yarotsky, S. V., Schwarz, W. H., & 
Zverlov, V. V. (2010). Reconstructing the clostridial n-butanol metabolic 
pathway in Lactobacillus brevis. Applied microbiology and biotechnology, 87(2), 
635-646.
Bhandiwad, A., Shaw, A. J., Guss, A., Guseva, A., Bahl, H., and Lynd, L. R. (2014). 
Metabolic engineering of Thermoanaerobacterium saccharolyticum for n- 
butanol production. Metabolic Engineering, 21, 17-25.
Bhaumik, P., and Dhepe, P. L. (2015). Conversion of biomass into sugars. In Biomass 
Sugars fo r  Non-Fuel Applications . Royal Society of Chemistry. 1-53
Biebl, H. (2001). Fermentation of glycerol by Clostridium pasteurianum—batch and 
continuous culture studies. Journal o f  Industrial Microbiology and 
Biotechnology, 27(1), 18-26.
Birhanli, E., and Yesilada, O. (2006). Increased production of laccase by pellets of 
Funalia trogii ATCC 200800 and Trametes versicolor ATCC 200801 in 
repeated-batch mode. Enzyme and Microbial Technology, 39(6), 1286-1293.
Birhanli, E., and Yesilada, O. (2010). Enhanced production of laccase in repeated-batch 
cultures of Funalia trogii and Trametes versicolor. Biochemical Engineering 
Journal, 52(1), 33-37.
Blombach, B., and Eikmanns, B. J. (2011). Current knowledge on isobutanol production 
with Escherichia coli, Bacillus subtilis and Corynebacterium 
glutamicum. Bioengineered bugs, 2(6), 346-350.
Borjesson, T., Stollman, U., and Schnurer, J. (1992). Volatile metabolites produced by 
six fungal species compared with other indicators of fungal growth on cereal 
grains. Applied and Environmental Microbiology, 58(8), 2599-2605.
Bramono, S. E., Lam, Y. S., Ong, S. L., & He, J. (2011). A mesophilic Clostridium 
species that produces butanol from monosaccharides and hydrogen from 
polysaccharides. Bioresource Technology, 102(20), 9558-9563
Brodeur, G., Yau, E., Badal, K., Collier, J., Ramachandran, K. B., and Ramakrishnan, S.
(2011). Chemical and physicochemical pretreatment of lignocellulosic biomass: 
a review. Enzyme Research, 2011.
264
Brosseau, J. D., Yan, J. Y., and Lo, K. V. (1986). The relationship between hydrogen 
gas and butanol production by Clostridium saccharoper­
butylacetonicum. Biotechnology and Bioengineering, 28(3), 305-310.
Bryant, M. P. (1972). Commentary on the Hungate technique for culture of anaerobic 
bacteria. The American Journal o f  Clinical Nutrition, 25(12), 1324-1328.
Buehler, E. A., and Mesbah, A. (2016). Kinetic study of acetone-butanol-ethanol 
fermentation in continuous culture. PloS One, 11(8), e0158243.
Bushell, M. E., Smith, J., and Lynch, H. C. (1997). A physiological model for the 
control of erythromycin production in batch and cyclic fed batch 
culture. Microbiology, 143(2), 475-480.
Caffall, K. H., and Mohnen, D. (2009). The structure, function, and biosynthesis of plant 
cell wall pectic polysaccharides. Carbohydrate Research, 344(14), 1879-1900.
Cao, Y., Meng, D. J., Lu, J., and Long, J. (2008). Statistical optimization of xylanase 
production by Aspergillus niger AN-13 under submerged fermentation using 
response surface methodology. African Journal o f  Biotechnology, 7(5).
Castro, E., Nieves, I.U., Mullinnix, M.T., Sagues, W.J., Hoffman, R.W., Fernandez- 
Sandoval, M.T., Tian, Z., Rockwood, D.L., Tamang, B. and Ingram, L.O.,
(2014). Optimization of dilute-phosphoric-acid steam pretreatment of Eucalyptus 
benthamii for biofuel production. Applied Energy,125, 76-83.
Chandel, A. K., da Silva, S. S., & Singh, O. V. (2011). Detoxification of lignocellulosic 
hydrolysates for improved bioethanol production. In Biofuel Production-Recent 
Developments and Prospects. (1-15). InTech.
Chandra, R., Takeuchi, H., and Hasegawa, T. (2012). Methane production from 
lignocellulosic agricultural crop wastes: A review in context to second 
generation of biofuel production. Renewable and Sustainable Energy 
Reviews, 16(3), 1462-1476.
Chatzifragkou, A., Aggelis, G., Komaitis, M., Zeng, A. P., and Papanikolaou, S. (2011). 
Impact of anaerobiosis strategy and bioreactor geometry on the biochemical 
response of Clostridium butyricum VPI 1718 during 1, 3-propanediol 
fermentation. Bioresource Technology, 102(22), 10625-10632.
265
Cheirsilp, B., and Kitcha, S. (2015). Solid state fermentation by cellulolytic oleaginous 
fungi for direct conversion of lignocellulosic biomass into lipids: fed-batch and 
repeated-batch fermentations. Industrial Crops and Products, 66, 73-80.
Chen, C. K., and Blaschek, H. P. (1999). Acetate enhances solvent production and 
prevents degeneration in Clostridium beijerinckii BA101. Applied Microbiology 
and Biotechnology, 52(2), 170-173.
Chen, J., Zhang, W., Zhang, H., Zhang, Q., and Huang, H. (2014). Screw extrude steam 
explosion: A promising pretreatment of corn stover to enhance enzymatic 
hydrolysis. Bioresource Technology, 161, 230-235.
Chen, X., Shekiro, J., Franden, M. A., Wang, W., Zhang, M., Kuhn, E.,and Tucker, M. 
P. (2012). The impacts of deacetylation prior to dilute acid pretreatment on the 
bioethanol process. Biotechnology fo r  Biofuels, 5(1), 8.
Chen, Y., Zhou, T., Liu, D., Li, A., Xu, S., Liu, Q., and Ying, H. (2013). Production of 
butanol from glucose and xylose with immobilized cells of Clostridium 
acetobutylicum. Biotechnology and Bioprocess Engineering, 18(2), 234-241.
Cheng, C.L., Che, P.Y., Chen, B.Y., Lee, W.J., Lin, C.Y. and Chang, J.S. (2012). 
Biobutanol production from agricultural waste by an acclimated mixed bacterial 
microflora. Applied Energy, 100, 3-9.
Chong, M. L., Rahim, R. A., Shirai, Y., and Hassan, M. A. (2009). Biohydrogen 
production by Clostridium butyricum EB6 from palm oil mill 
effluent. International Journal o f  Hydrogen Energy, 34(2), 764-771.
Chuah, T. G., Wan Azlina, A. G. K., Robiah, Y., and Omar, R. (2006). Biomass as the 
renewable energy sources in Malaysia: an overview. International Journal o f  
Green Energy, 3(3), 323-346.
Corbin, K. R., Hsieh, Y. S., Betts, N. S., Byrt, C. S., Henderson, M., Stork, J., and 
Burton, R. A. (2015). Grape marc as a source of carbohydrates for bioethanol: 
chemical composition, pre-treatment and saccharification. Bioresource 
Technology, 193, 76-83.
Costa, C. A., Bidinotto, L. T., Takahira, R. K., Salvadori, D. M., Barbisan, L. F., and 
Costa, M. (2011). Cholesterol reduction and lack of genotoxic or toxic effects in
266
mice after repeated 21-day oral intake of lemongrass (Cymbopogon citratus) 
essential oil. Food and Chemical Toxicology, 49(9), 2268-2272.
Datta, R., and Zeikus, J. G. (1985). Modulation of acetone-butanol-ethanol fermentation 
by carbon monoxide and organic acids. Applied and Environmental 
Microbiology, 49(3), 522-529.
Davis, S. E., and Morton Lii, S. A. (2008). Investigation of ionic liquids for the 
separation of butanol and water. Separation Science and Technology, 43(9-10), 
2460-2472.
Demirbas, A. (2009). Biofuels securing the planet’s future energy needs. Energy 
Conversion and Management, 50(9), 2239-2249.
Demirbas, A., and Dincer, K. (2008). Sustainable green diesel: a futuristic view. Energy 
Sources, Part A, 30(13), 1233-1241.
Demirbas, M. F., Balat, M., and Balat, H. (2011). Biowastes-to-biofuels. Energy 
Conversion and Management, 52(4), 1815-1828.
Deng, B., Yang, J., Zhang, D., Feng, R., Fu, J., Liu, J.,and Liu, X. (2013). The 
challenges and strategies of butanol application in conventional engines: the 
sensitivity study of ignition and valve timing. Applied Energy, 108, 248-260.
Di Blasi, C., Signorelli, G., Di Russo, C., and Rea, G. (1999). Product distribution from 
pyrolysis of wood and agricultural residues. Industrial & Engineering Chemistry 
Research, 38(6), 2216-2224.
Digman, M. F., Shinners, K. J., Casler, M. D., Dien, B. S., Hatfield, R. D., Jung, H. J.
G., and Weimer, P. J. (2010). Optimizing on-farm pretreatment of perennial 
grasses for fuel ethanol production. Bioresource Technology, 101(14), 5305­
5314.
Driehuis, F., Hoolwerf, J., and Rademaker, J. L. (2016). Concurrence of spores of 
Clostridium tyrobutyricum, Clostridium beijerinckii and Paenibacillus polymyxa 
in silage, dairy cow faeces and raw milk. International Dairy Journal, 63, 70-77.
Du, B., Sharma, L. N., Becker, C., Chen, S. F., Mowery, R. A., van Walsum, G. P., and 
Chambliss, C. K. (2010). Effect of varying feedstock-pretreatment chemistry 
combinations on the formation and accumulation of potentially inhibitory
267
degradation products in biomass hydrolysates. Biotechnology and 
Bioengineering, 107(3), 430-440.
Du, C., Yan, H., Zhang, Y., Li, Y., and Cao, Z. A. (2006). Use of oxidoreduction 
potential as an indicator to regulate 1, 3-propanediol fermentation by Klebsiella 
pneumoniae. Applied Microbiology and Biotechnology, 69(5), 554-563.
Du, T. F., He, A. Y., Wu, H., Chen, J. N., Kong, X. P., Liu, J. L., and Ouyang, P. K. 
(2013). Butanol production from acid hydrolyzed corn fiber with Clostridium 
beijerinckii mutant. Bioresource Technology, 135, 254-261.
Du, Y., Jiang, W., Yu, M., Tang, I., and Yang, S. T. (2015). Metabolic process 
engineering of Clostridium tyrobutyricumack-adhE2 for enhanced n-butanol 
production from glucose: Effects of methyl viologen on NADH availability, flux 
distribution & fermentation kinetics. Biotechnology and Bioengineering, 112(4), 
705-715.
Durre, P. (1998). New insights and novel developments in clostridial 
acetone/butanol/isopropanol fermentation. Applied Microbiology and 
Biotechnology, 49(6), 639-648.
Durre, P. (2007). Biobutanol: an attractive biofuel. Biotechnology Journal, 2(12), 1525­
1534.
Durre, P. (2008). Fermentative butanol production. Annals o f  the New York Academy o f  
Sciences, 1125(1), 353-362.
Durre, P., Fischer, R. J., Kuhn, A., Lorenz, K., Schreiber, W., Sturzenhofecker, B., and 
Sauer, U. (1995). Solventogenic enzymes of Clostridium acetobutylicum: 
catalytic properties, genetic organization, and transcriptional regulation. FEMS 
Microbiology Reviews, 17(3), 251-262.
Durre, P., Kuhn, A., Gottwald, M., and Gottschalk, G. (1987). Enzymatic investigations 
on butanol dehydrogenase and butyraldehyde dehydrogenase in extracts of 
Clostridium acetobutylicum. Applied Microbiology and Biotechnology, 26(3), 
268-272.
Dutta, K., Daverey, A., and Lin, J. G. (2014). Evolution retrospective for alternative 
fuels: First to fourth generation. Renewable Energy, 69, 114-122.
268
Eggeman, T., and Elander, R. T. (2005). Process and economic analysis of pretreatment 
technologies. Bioresource Technology, 96(18), 2019-2025.
Ennis, B. M., and Maddox, I. S. (1987). The effect of pH and lactose concentration on 
solvent production from whey permeate using Clostridium 
acetobutylicum. Biotechnology and Bioengineering, 29(3), 329-334.
Ennis, B. M., Marshall, C. T., Maddox, I. S., and Paterson, A. H. J. (1986). Continuous 
product recovery by in-situ gas stripping/condensation during solvent production 
from whey permeate using Clostridium acetobutylicum. Biotechnology 
Letters, 8(10), 725-730.
Ezeji, T. C., Liu, S., & Qureshi, N. (2014). Mixed sugar fermentation by Clostridia and 
metabolic engineering for butanol production. Biorefineries: Integrated
biochemical processes fo r  liquid biofuels. Elsevier BV, 191-204.
Ezeji, T. C, Milne, C., Price, N. D., and Blaschek, H. P. (2010). Achievements and 
perspectives to overcome the poor solvent resistance in acetone and butanol- 
producing microorganisms. Applied Microbiology and Biotechnology, 85(6), 
1697-1712.
Ezeji, T. C., Qureshi, N., and Blaschek, H. P. (2003). Production of acetone, butanol and 
ethanol by Clostridium beijerinckii BA101 and in situ recovery by gas 
stripping. World Journal o f  Microbiology and Biotechnology, 19(6), 595-603.
Ezeji, T. C., Qureshi, N., and Blaschek, H. P. (2004). Acetone butanol ethanol (ABE) 
production from concentrated substrate: reduction in substrate inhibition by fed- 
batch technique and product inhibition by gas stripping. Applied Microbiology 
and Biotechnology, 63(6), 653-658.
Ezeji, T. C., Qureshi, N., and Blaschek, H. P. (2007). Production of acetone butanol 
(AB) from liquefied corn starch, a commercial substrate, using Clostridium 
beijerinckii coupled with product recovery by gas stripping. Journal o f  Industrial 
Microbiology and Biotechnology, 34(12), 771-777.
Ezeji, T. C., Qureshi, N., and Blaschek, H. P. (2013). Microbial production of a biofuel 
(acetone-butanol-ethanol) in a continuous bioreactor: impact of bleed and 
simultaneous product removal. Bioprocess and Biosystems Engineering, 36(1), 
109-116.
269
Fabiano, B., and Perego, P. (2002). Thermodynamic study and optimization of hydrogen 
production by Enterobacter aerogenes. International Journal o f  Hydrogen 
Energy, 27(2), 149-156.
Fandohan, P., Gnonlonfin, B., Laleye, A., Gbenou, J. D., Darboux, R., and 
Moudachirou, M. (2008). Toxicity and gastric tolerance of essential oils from 
Cymbopogon citratus, Ocimum gratissimum and Ocimum basilicum in Wistar 
rats. Food and Chemical Toxicology, 46(7), 2493-2497.
Farinha, I., Duarte, P., Pimentel, A., Plotnikova, E., Chagas, B., Mafra, L., and Reis, M. 
A. (2015). Chitin-glucan complex production by Komagataella pastoris: 
downstream optimization and product characterization. Carbohydrate 
Polymers, 130, 455-464.
Faveri, D., Torre, P., Perego, P., and Converti, A. (2004). Statistical investigation on the 
effects of starting xylose concentration and oxygen mass flowrate on xylitol 
production from rice straw hydrolyzate by response surface 
methodology. Journal o f  Food Engineering, 65(3), 383-389.
Finkelstein, M., and Davison, B. H., (2012). Biotechnology for Fuels and Chemicals: 
Proceedings of the Nineteenth Symposium on Biotechnology for Fuels and 
Chemicals Held May 4-8. 1997, at Colorado Springs, Colorado. Springer Science 
and Business Media.
Foda, M. I., Dong, H., & Li, Y. (2010). Study the suitability of cheese whey for bio­
butanol production by Clostridia. Journal o f  American Science, 6(8), 39-46.
Fond, O., Jansen, N. B., and Tsao, G. T. (1985). A model of acetic acid and 2, 3- 
butanediol inhibition of the growth and metabolism of 
Klebsiellaoxytoca. Biotechnology Letters, 7(10), 727-732.
Fond, O., Petitdemange, E., Petitdemange, H., and Gay, R. (1984). Effect of glucose 
flow on the acetone butanol fermentation in fed batch culture. Biotechnology 
Letters, 6(1), 13-18.
Fonseca, B. C., Guazzaroni, M. E., and Reginatto, V. (2016). Fermentative production of 
H 2 from different concentrations of galactose by the new isolate Clostridium 
beijerinckii Br21. International Journal o f  Hydrogen Energy, 41(46), 21109­
21120.
270
Forberg, C., Enfors, S. O., and Haggstrom, L. (1983). Control of immobilized, non­
growing cells for continuous production of metabolites. Applied Microbiology 
and Biotechnology, 17(3), 143-147.
Fu, S. F., Wang, F., Yuan, X. Z., Yang, Z. M., Luo, S. J., Wang, C. S., and Guo, R. B. 
(2015). The thermophilic (55 C) microaerobic pretreatment of corn straw for 
anaerobic digestion. Bioresource Technology, 175, 203-208.
Gabhane, J., William, S. P., Gadhe, A., Rath, R., Vaidya, A. N., and Wate, S. (2014). 
Pretreatment of banana agricultural waste for bio-ethanol production: Individual 
and interactive effects of acid and alkali pretreatments with autoclaving, 
microwave heating and ultrasonication. Waste Management, 34(2), 498-503.
Gama, R., Van Dyk, J. S., and Pletschke, B. I. (2015). Optimisation of enzymatic 
hydrolysis of apple pomace for production of biofuel and biorefinery chemicals 
using commercial enzymes. Biotechnology, 5(6), 1075-1087.
Gao, M., Tashiro, Y., Yoshida, T., Zheng, J., Wang, Q., Sakai, K., and Sonomoto, K.
(2015). Metabolic analysis of butanol production from acetate in Clostridium 
saccharoperbutylacetonicum N1-4 using 13 C tracer experiments. Research 
Advances, 5(11), 8486-8495.
Gapes, J. R. (2000). The economics of acetone-butanol fermentation: theoretical and 
market considerations. Journal o f  Molecular Microbiology & Biotechnology, 
2(1), 27-32.
Gapes, J. R., Larsen, V. F., and Maddox, I. S. (1983). A note on procedures for 
inoculum development for the production of solvents by a strain of Clostridium 
butylicum. Journal o f  Applied Microbiology, 55(2), 363-365.
Garcia, V., Pakkila, J., Ojamo, H., Muurinen, E., and Keiski, R. L. (2011). Challenges in 
biobutanol production: How to improve the efficiency?. Renewable and 
Sustainable Energy Reviews, 15(2), 964-980.
Garlock, R. J., Balan, V., Dale, B. E., Pallapolu, V. R., Lee, Y. Y., Kim, Y., and Sierra- 
Ramirez, R. (2011). Comparative material balances around pretreatment 
technologies for the conversion of switchgrass to soluble sugars. Bioresource 
Technology, 102(24), 11063-11071.
271
Geng, Q., and Park, C. H. (1993). Controlled-pH batch butanol-acetone fermentation by 
low acid producing Clostridium acetobutylicum B18. Biotechnology Letters, 
15(4), 421-426.
Gheshlaghi, R. E. Z. A., Scharer, J. M., Moo-Young, M., and Chou, C. P. (2009). 
Metabolic pathways of clostridia for producing butanol. Biotechnology 
Advances, 27(6), 764-781.
Gholizadeh, L. (2010). Enhanced butanol production by free and immobilized 
Clostridium sp. cells using butyric acid as co-substrate.
Girbal, L., Croux, C., Vasconcelos, I., and Soucaille, P. (1995). Regulation of metabolic 
shifts in Clostridium acetobutylicum ATCC 824. FEMS Microbiology 
Reviews, 17(3), 287-297.
Girbal, L., and Soucaille, P. (1994). Regulation of Clostridium acetobutylicum 
metabolism as revealed by mixed-substrate steady-state continuous cultures: role 
of NADH/NAD ratio and ATP pool. Journal o f  Bacteriology, 176(21), 6433­
6438.
Goh, C. S., Tan, K. T., Lee, K. T., and Bhatia, S. (2010). Bio-ethanol from 
lignocellulose: status, perspectives and challenges in Malaysia. Bioresource 
Technology, 101(13), 4834-4841.
Goikoetxea, M., Barandiaran, M. J., and Asua, J. M. (2008). n-Butanol formation in 
butyl acrylate containing latexes: Mathematical model. Journal o f  Polymer 
Science Part A: Polymer Chemistry, 46(12), 4081-4091.
Gonzales, R. R., Sivagurunathan, P., Parthiban, A., and Kim, S. H. (2016). Optimization 
of substrate concentration of dilute acid hydrolyzate of lignocellulosic biomass in 
batch hydrogen production. International Biodeterioration & Biodegradation, 
113, 22-27.
Gottschalk, J. C., and Morris, J. G. (1981). The induction of acetone and butanol 
production in cultures of Clostridium acetobutylicum by elevated concentrations 
of acetate and butyrate. FEMS Microbiology Letters, 12(4), 385-389.
Gottumukkala, L. D., Parameswaran, B., Valappil, S. K., Mathiyazhakan, K., Pandey, 
A., and Sukumaran, R. K. (2013). Biobutanol production from rice straw by a
272
non acetone producing Clostridium sporogenes BE01. Bioresource Technology, 
145, 182-187.
Gottumukkala, L. D., Sukumaran, R. K., Mohan, S. V., Valappil, S. K., Sarkar, O., and 
Pandey, A. (2015). Rice straw hydrolysate to fuel and volatile fatty acid 
conversion by Clostridium sporogenes BE01: bio-electrochemical analysis of the 
electron transport mediators involved. Green Chemistry, 17(5), 3047-3058.
Gottwald, M., and Gottschalk, G. (1985). The internal pH of Clostridium acetobutylicum 
and its effect on the shift from acid to solvent formation. Archives o f  
Microbiology, 143(1), 42-46.
Govumoni, S. P., Koti, S., Kothagouni, S. Y., Venkateshwar, S., and Linga, V. R. 
(2013). Evaluation of pretreatment methods for enzymatic saccharification of 
wheat straw for bioethanol production. Carbohydrate polymers, 91(2), 646-650.
Grahovac, J., Dodic, J., Jokic, A., Dodic, S., and Popov, S. (2012). Optimization of 
ethanol production from thick juice: A response surface methodology 
approach. Fuel, 93, 221-228.
Green, E. M. (2011). Fermentative production of butanol—the industrial 
perspective. Current Opinion in Biotechnology, 22(3), 337-343.
Guo, T., He, A. Y., Du, T. F., Zhu, D. W., Liang, D. F., Jiang, M., and Ouyang, P. K. 
(2013). Butanol production from hemicellulosic hydrolysate of corn fiber by a 
Clostridium beijerinckii mutant with high inhibitor-tolerance. Bioresource 
Technology, 135, 379-385.
Guo, T., Sun, B., Jiang, M., Wu, H., Du, T., Tang, Y., and Ouyang, P. (2012). 
Enhancement of butanol production and reducing power using a two-stage 
controlled-pH strategy in batch culture of Clostridium acetobutylicum 
XY16. World Journal o f  Microbiology and Biotechnology, 28(7), 2551-2558.
Haaland, P. D. (1989). Experimental Design in Biotechnology (Vol. 105). CRC press.
Han, A., Hou, H., Li, L., Kim, H. S., & de Figueiredo, P. (2013). Microfabricated 
devices in microbial bioenergy sciences. Trends in Biotechnology, 31(4), 225­
232.
273
Hanaa, A. M., Sallam, Y. I., El-Leithy, A. S., and Aly, S. E. (2012). Lemongrass 
(Cymbopogon citratus) essential oil as affected by drying methods. Annals o f  
Agricultural Sciences, 57(2), 113-116.
Harris, L. M., Welker, N. E., and Papoutsakis, E. T. (2002). Northern, morphological, 
and fermentation analysis of spo0A inactivation and over expression in 
Clostridium acetobutylicum ATCC 824. Journal o f  Bacteriology, 184(13), 3586­
3597.
Harun, R., Jason, W. S. Y., Cherrington, T., and Danquah, M. K. (2011). Exploring 
alkaline pre-treatment of microalgal biomass for bioethanol production. Applied 
Energy, 88(10), 3464-3467.
Haslaniza, H., Maskat, M. Y., Wan Aida, W. M., and Mamot, S. (2010). The effects of 
enzyme concentration, temperature and incubation time on nitrogen content and 
degree of hydrolysis of protein precipitate from cockle (Anadara granosa) meat 
wash water. International Food Research Journal, 17(1), 147-152.
Hassan, O., Ling, T. P., Maskat, M. Y., Illias, R. M., Badri, K., Jahim, J., & Mahadi, N. 
M. (2013). Optimization of pretreatments for the hydrolysis of oil palm empty 
fruit bunch fiber (EFBF) using enzyme mixtures. Biomass and Bioenergy, 56, 
137-146.
Haus, S., Jabbari, S., Millat, T., Janssen, H., Fischer, R. J., Bahl, H., and Wolkenhauer,
O. (2011). A systems biology approach to investigate the effect of pH-induced 
gene regulation on solvent production by Clostridium acetobutylicum in 
continuous culture. BMC Systems Biology, 5(1), 10.
He, G. Q., Kong, Q., Chen, Q. H., and Ruan, H. (2005). Batch and fed-batch production 
of butyric acid by Clostridium butyricum ZJUCB. Journal o f  Zhejiang 
University. Science. B, 6(11), 1076.
Hekmat, D., Bauer, R., and Neff, V. (2007). Optimization of the microbial synthesis of 
dihydroxyacetone in a semi-continuous repeated-fed-batch process by in situ 
immobilization of Gluconobacter oxydans. Process Biochemistry, 42(1), 71-76.
Heluane, H., Evans, M. R., Dagher, S. F., and Bruno-Barcena, J. M. (2011). Nutritional 
requirements of solventogenic Clostridia growing under butanol stress and co-
274
utilization of D-glucose/D-xylose. A meta-analysis and a functional 
validation. Applied and Environmental Microbiology, AEM-00116.
Hendriks, A. T. W. M., and Zeeman, G. (2009). Pretreatments to enhance the 
digestibility of lignocellulosic biomass. Bioresource Technology, 100(1), 10-18.
Herber, W. K. (2014). U.S. Patent Application No. 14/328,772.
Hernandez-Salas, J. M., Villa-Ramirez, M. S., Veloz-Rendon, J. S., Rivera-Hernandez, 
K. N., Gonzalez-Cesar, R. A., Plascencia-Espinosa, M. A., and Trejo-Estrada, S. 
R. (2009). Comparative hydrolysis and fermentation of sugarcane and agave 
bagasse. Bioresource Technology, 100(3), 1238-1245.
Himmel, M. E., Adney, W. S., Baker, J. O., Elander, R., McMillan, J. D., Nieves, R. A., 
and Zhang, M. (1997). Advanced bioethanol production technologies: a 
perspective (1-37). United States of America: Food and Agricultural 
Organization of The United Nation.
Himmel, M. E., Ding, S. Y., Johnson, D. K., Adney, W. S., Nimlos, M. R., Brady, J. W., 
and Foust, T. D. (2007). Biomass recalcitrance: engineering plants and enzymes 
for biofuels production. Science, 315 (5813), 804-807.
Hirsch, A., and Grinsted, E. (1954). 543. Methods for the growth and enumeration of 
anaerobic spore-formers from cheese, with observations on the effect of 
nisin. Journal o f  Dairy Research, 21(1), 101-110.
Hobson, P. N., and Stewart, C. S. (Eds.). (2012). The rumen microbial ecosystem. 
Springer Science & Business Media. London: Blackie Academic, (10-65)
Hoekman, S. K. (2009). Biofuels in the US-challenges and opportunities. Renewable 
Energy, 34(1), 14-22.
Hoi, W. K. (2005). Current status of biomass utilisation in Malaysia. In 1st Biomass Asia 
Workshop. Malaysia. 1-14.
Holt, R. A., Stephens, G. M., and Morris, J. G. (1984). Production of solvents by 
Clostridium acetobutylicum cultures maintained at neutral pH. Applied and 
Environmental Microbiology, 48(6), 1166-1170.
Hu, Q., Su, X., Tan, L., Liu, X., Wu, A., Su, D., and Xiong, X. (2013). Effects of a 
steam explosion pretreatment on sugar production by enzymatic hydrolysis and
275
structural properties of reed straw. Bioscience, Biotechnology, and 
Biochemistry, 77(11), 2181-2187.
Hu, Z., and Wen, Z. (2008). Enhancing enzymatic digestibility of switchgrass by 
microwave-assisted alkali pretreatment. Biochemical Engineering Journal, 38(3), 
369-378.
Huang, H., Liu, H., and Gan, Y. R. (2010). Genetic modification of critical enzymes and 
involved genes in butanol biosynthesis from biomass. Biotechnology 
Advances, 28(5), 651-657
Huang, H., Singh, V., and Qureshi, N. (2015). Butanol production from food waste: a 
novel process for producing sustainable energy and reducing environmental 
pollution. Biotechnology fo r  Biofuels, 8(1), 147.
Huang, W. C., Ramey, D. E., and Yang, S. T. (2004). Continuous production of butanol 
by Clostridium acetobutylicum immobilized in a fibrous bed bioreactor. 
In Proceedings o f  the Twenty-Fifth Symposium on Biotechnology fo r  Fuels and 
Chemicals Held May 4-7, 2003, in Breckenridge, CO (pp. 887-898). United 
States of America: Humana Press.
Huang, Y., Krauss, G., Cottaz, S., Driguez, H., and Lipps, G. (2005). A highly acid- 
stable and thermostable endo-P-glucanase from the thermoacidophilic archaeon 
Sulfolobus solfataricus. Biochemical Journal, 385(2), 581-588.
Huesemann, M., and Papoutsakis, E. T. (1986). Effect of acetoacetate, butyrate, and 
uncoupling ionophores on growth and product formation of Clostridium 
acetobutylicum. Biotechnology Letters, 8(1), 37-42.
Hussin, H., Salleh, M. M., Siong, C. C., Naser, M. A., Abd-Aziz, S., and Al-Junid, A. F. 
M. (2015). Optimization of biovanillin production from lemongrass leaves 
hydrolysates using Phanerochaete chrysosporium. Jurnal Teknologi, (1), 1-2.
Ibrahim, M., Daud, W.R.W., and Law, K.M. (2011). Comparative properties of soda 
pulps from stalk, bast and core of Malaysian grown kenaf. BioResources 6, no. 4 
: 5074-5085.
Ibrahim, M. F., Abd-Aziz, S., Yusoff, M. E. M., Phang, L. Y., and Hassan, M. A.
(2015). Simultaneous enzymatic saccharification and ABE fermentation using
276
pretreated oil palm empty fruit bunch as substrate to produce butanol and 
hydrogen as biofuel. Renewable Energy, 77, 447-455.
Ingram, T., Rogalinski, T., Bockemuhl, V., Antranikian, G., and Brunner, G. (2009). 
Semi-continuous liquid hot water pretreatment of rye straw. The Journal o f  
Supercritical Fluids, 48(3), 238-246.
Inui, M., Suda, M., Kimura, S., Yasuda, K., Suzuki, H., Toda, H., and Yukawa, H.
(2008). Expression of Clostridium acetobutylicum butanol synthetic genes in 
Escherichia coli. Applied Microbiology and Biotechnology, 77(6), 1305-1316.
Isar, J., and Rangaswamy, V. (2012). Improved n-butanol production by solvent tolerant 
Clostridium beijerinckii. Biomass and Bioenergy, 37, 9-15.
Isil, S., and Nilufer, A. (2005). Investigation of factors affecting xylanase activity from 
Trichoderma harzianum 1073 D3. Brazilian Archives o f  Biology and
Technology, 48(2), 187-193.
Jager, G., Wu, Z., Garschhammer, K., Engel, P., Klement, T., Rinaldi, R., and Buchs, J. 
(2010). Practical screening of purified cellobiohydrolases and endoglucanases 
with a-cellulose and specification of hydrodynamics. Biotechnology fo r  
Biofuels, 3(1), 18.
Jang, Y. S., Malaviya, A., and Lee, S. Y. (2013). Acetone-butanol-ethanol production 
with high productivity using Clostridium acetobutylicum BKM19. Biotechnology 
and Bioengineering, 110(6), 1646-1653.
Jarvis, G. N., Strompl, C., Moore, E. R. B., and Thiele, J. H. (1999). Isolation and 
characterization of two glycerol-fermenting clostridial strains from a pilot scale 
anaerobic digester treating high lipid-content slaughterhouse waste. Journal o f  
applied microbiology, 86(3), 412-420.
Ji, X. J., Zhang, A. H., Nie, Z. K., Wu, W. J., Ren, L. J., and Huang, H. (2014). Efficient 
arachidonic acid-rich oil production by Mortierella alpina through a repeated 
fed-batch fermentation strategy. Bioresource Technology, 170, 356-360.
Jiang, W., Zhao, J., Wang, Z., and Yang, S. T. (2014). Stable high-titer n-butanol 
production from sucrose and sugarcane juice by Clostridium acetobutylicum 
JB200 in repeated batch fermentations. Bioresource Technology, 163, 172-179.
277
Johnson, J. L., Toth, J., Santiwatanakul, S., and Chen, J. S. (1997). Cultures of 
“Clostridium acetobutylicum” from various collections comprise Clostridium 
acetobutylicum, Clostridium beijerinckii, and two other distinct types based on 
DNA-DNA reassociation. International Journal o f  Systematic and Evolutionary 
Microbiology, 47(2), 420-424.
Jones, D. T., and Woods, D. R. (1986). Acetone-butanol fermentation 
revisited. Microbiological Reviews, 50(4), 484.
Joshua, A. A., Usunomena, U., Lanre, A. B., Amenze, O., and Gabriel, O. A. (2012). 
Comparative studies on the chemical composition and antimicrobial activities of 
the ethanolic extracts of Lemon grass leaves and stems. Asian Journal o f  Medical 
Sciences, 4(4), 145-148.
Jungermann, K., Kern, M., Riebeling, V., and Thauer, R. K. (1976). Function and 
regulation of ferredoxin reduction with NADH in Clostridia. In Symposium on 
microbial production and utilization o f  gases (H2, CH4, CO). E. Goltze KG, 
Gottingen, Germany (pp. 85-95).
Jungermann, K., Thauer, R. K., Leimenstoll, G., and Decker, K. (1973). Function of 
reduced pyridine nucleotide-ferredoxin oxidoreductases in saccharolytic 
Clostridia. Biochimica et Biophysica Acta (BBA)-Bioenergetics, 305(2), 268-280.
Kamm, B. (2014). Biorefineries-their scenarios and challenges. Pure and Applied 
Chemistry, 86(5), 821-831.
Kandhola, G., Djioleu, A., Carrier, D. J., & Kim, J. W. (2017). Pretreatments for 
Enhanced Enzymatic Hydrolysis of Pinewood: a Review. BioEnergy
Research, 10(4), 1138-1154.
Kang, H. S., Na, B. K., and Park, D. H. (2007). Oxidation of butane to butanol coupled 
to electrochemical redox reaction of NAD+/NADH. Biotechnology 
Letters, 29(8), 1277-1280.
Kaur, H., & Dutt, D. (2013). Anatomical, morphological and chemical characterization 
of lignocellulose by-products of lemon and sofia grasses obtained after 
recuperation of essential oils by steam distillation. Cellulose Chemistry and 
Technology, 47(1-2), 83-94.
278
Kawasaki, S., Nakagawa, T., Nishiyama, Y., Benno, Y., Uchimura, T., Komagata, K., 
and Niimura, Y. (1998). Effect of oxygen on the growth of Clostridium 
butyricum (type species of the genus Clostridium), and the distribution of 
enzymes for oxygen and for active oxygen species in Clostridia. Journal o f  
Fermentation and Bioengineering, 86(4), 368-372.
Kemp, P. F., Cole, J. J., Sherr, B. F., and Sherr, E. B. (Eds.). (1993). Handbook o f  
Methods in Aquatic Microbial Ecology. New York: CRC press, 23-76
Kennedy, M., and Krouse, D. (1999). Strategies for improving fermentation medium 
performance: a review. Journal o f  Industrial Microbiology and Biotechnology, 
23(6), 456-475.
Khamaiseh, E. I., Abdul Hamid, A., Abdeshahian, P., Wan Yusoff, W. M., and Kalil, M. 
S. (2014). Enhanced butanol production by Clostridium acetobutylicum NCIMB 
13357 grown on date fruit as carbon source in P2 medium. The Scientific World 
Journal, (1), 1-7.
Khanna, S., Goyal, A., and Moholkar, V. S. (2012). Microbial conversion of glycerol: 
present status and future prospects. Critical reviews in Biotechnology, 32(3), 
235-262.
Kikuchi, R., Gerardo, R., & Santos, S. M. (2009). Energy lifecycle assessment and 
environmental impacts of ethanol biofuel. International Journal o f  Energy 
Research, 33(2), 186-193.
Kim, B. H., Bellows, P., Datta, R., and Zeikus, J. G. (1984). Control of carbon and 
electron flow in Clostridium acetobutylicum fermentations: utilization of carbon 
monoxide to inhibit hydrogen production and to enhance butanol yields. Applied 
and Environmental Microbiology, 48(4), 764-770.
Kim, B. H., and Zeikus, J. G. (1984). Importance of hydrogen metabolism in regulation 
of solventogenesis by Clostridium acetobutylicum. Developments in Industrial 
Microbiology, 26, 549-556.
Kim, B. S., Lee, S. C., Lee, S. Y., Chang, Y. K., and Chang, H. N. (2004). High cell 
density fed-batch cultivation of Escherichia coli using exponential feeding 
combined with pH-stat. Bioprocess and Biosystems Engineering, 26(3), 147-150.
279
Kim, J. W., Kim, K. S., Lee, J. S., Park, S. M., Cho, H. Y., Park, J. C., and Kim, J. S. 
(2011a). Two-stage pretreatment of rice straw using aqueous ammonia and dilute 
acid. Bioresource Technology, 102(19), 8992-8999.
Kim, N. J., Li, H., Jung, K., Chang, H. N., and Lee, P. C. (2011b). Ethanol production 
from marine algal hydrolysates using Escherichia coli KO11. Bioresource 
Technology, 102(16), 7466-7469.
Kim, Y., Kim, D., Kim, T., Shin, M. K., Kim, Y. J., Yoon, J. J., and Chang, I. S. (2013). 
Use of red algae, Ceylon moss (Gelidium amansii), hydrolyzate for clostridial 
fermentation. Biomass and Bioenergy, 56, 38-42.
Kim, Y., Mosier, N. S., and Ladisch, M. R. (2009). Enzymatic digestion of liquid hot 
water pretreated hybrid poplar. Biotechnology Progress, 25(2), 340-348.
Kirschner, M. (2006). n-Butanol. Chemical Market Reporter. ABI/INFORM Global.
Knauf, M., and Moniruzzaman, M. (2004). Lignocellulosic biomass processing: a 
perspective. International Sugar Journal, 106(1263), 147-150.
Knoshaug, E. P., and Zhang, M. (2009). Butanol tolerance in a selection of 
microorganisms. Applied Biochemistry and Biotechnology, 153(1-3), 13-20.
Kobayashi, N., Okada, N., Hirakawa, A., Sato, T., Kobayashi, J., Hatano, S., and Mori,
S. (2009). Characteristics of solid residues obtained from hot-compressed-water 
treatment of woody biomass. Industrial and Engineering Chemistry 
Research, 48(1), 373-379.
Kong, X., He, A., Zhao, J., Wu, H., and Jiang, M. (2015). Efficient acetone-butanol- 
ethanol production (ABE) by Clostridium acetobutylicum XY16 immobilized on 
chemically modified sugarcane bagasse. Bioprocess and Biosystems 
Engineering, 38(7), 1365-1372.
Kopke, M., Held, C., Hujer, S., Liesegang, H., Wiezer, A., Wollherr, A., and Durre, P. 
(2010). Clostridium ljungdahlii represents a microbial production platform based 
on syngas. Proceedings o f  the National Academy o f  Sciences, 107(29), 13087­
13092.
Kristensen, J. B., Felby, C., and J0 rgensen, H. (2009). Yield-determining factors in high- 
solids enzymatic hydrolysis of lignocellulose. Biotechnology fo r  Biofuels, 2(1), 
11.
280
Kudahettige-Nilsson, R. L., Helmerius, J., Nilsson, R. T., Sjoblom, M., Hodge, D. B., 
and Rova, U. (2015). Biobutanol production by Clostridium acetobutylicum 
using xylose recovered from birch Kraft black liquor. Bioresource 
Technology, 176, 71-79.
Kuehne, S. A., Collery, M. M., Kelly, M. L., Cartman, S. T., Cockayne, A., and Minton, 
N. P. (2013). Importance of toxin A, toxin B, and CDT in virulence of an 
epidemic Clostridium difficile strain. The Journal o f  Infectious Diseases, 209(1), 
83-86.
Kumar, M., and Gayen, K. (2011). Developments in biobutanol production: new 
insights. Applied Energy, 88(6), 1999-2012.
Kumar, M., and Gayen, K. (2012). Biobutanol: The future biofuel. In Biomass 
Conversion (pp. 221-236). Springer Berlin Heidelberg.
Kumar, R., Mago, G., Balan, V., and Wyman, C. E. (2009). Physical and chemical 
characterizations of corn stover and poplar solids resulting from leading 
pretreatment technologies. Bioresource Technology, 100(17), 3948-3962.
Kumar, R., and Wyman, C. E. (2009). Effects of cellulase and xylanase enzymes on the 
deconstruction of solids from pretreatment of poplar by leading 
technologies. Biotechnology Progress, 25(2), 302-314.
Laser, M., Schulman, D., Allen, S. G., Lichwa, J., Antal, M. J., and Lynd, L. R. (2002). 
A comparison of liquid hot water and steam pretreatments of sugar cane bagasse 
for bioconversion to ethanol. Bioresource Technology, 81(1), 33-44.
Lee, J., and Blaschek, H. P. (2001). Glucose uptake in Clostridium beijerinckii NCIMB 
8052 and the solvent hyperproducing mutant BA101. Applied and Environmental 
Microbiology, 67(11), 5025-5031.
Lee, S. Y., Park, J. H., Jang, S. H., Nielsen, L. K., Kim, J., and Jung, K. S. (2008). 
Fermentative butanol production by Clostridia. Biotechnology and 
Bioengineering, 101(2), 209-228.
Li, C., Knierim, B., Manisseri, C., Arora, R., Scheller, H. V., Auer, M., and Singh, S.
(2010). Comparison of dilute acid and ionic liquid pretreatment of switchgrass: 
biomass recalcitrance, delignification & enzymatic saccharification. Bioresource 
Technology, 101(13), 4900-4906.
281
Li, H. G., Zhang, Q. H., Yu, X. B., Wei, L., and Wang, Q. (2016). Enhancement of 
butanol production in Clostridium acetobutylicum SE25 through accelerating 
phase shift by different phases pH regulation from cassava flour. Bioresource 
technology, 201, 148-155.
Li, L., Ai, H., Zhang, S., Li, S., Liang, Z., Wu, Z. Q., and Wang, J. F. (2013a). Enhanced 
butanol production by coculture of Clostridium beijerinckii and Clostridium 
tyrobutyricum. Bioresource Technology, 143, 397-404.
Li, S., Guo, Y., Lu, F., Huang, J., and Pang, Z. (2015). High-level butanol production 
from cassava starch by a newly isolated Clostridium acetobutylicum. Applied 
Biochemistry and Biotechnology, 177(4), 831-841.
Li, S. Y., Srivastava, R., Suib, S. L., Li, Y., and Parnas, R. S. (2011). Performance of 
batch, fed-batch, and continuous A -B -E  fermentation with pH- 
control. Bioresource Technology, 102(5), 4241-4250.
Liang, Y., Siddaramu, T., Yesuf, J., and Sarkany, N. (2010). Fermentable sugar release 
from Jatropha seed cakes following lime pretreatment and enzymatic 
hydrolysis. Bioresource Technology, 101(16), 6417-6424.
Liao, C., Seo, S. O., Celik, V., Liu, H., Kong, W., Wang, Y., & Lu, T. (2015). 
Integrated, systems metabolic picture of acetone-butanol-ethanol fermentation by 
Clostridium acetobutylicum. Proceedings o f  the National Academy o f  
Sciences, 112(27), 8505-8510.
Lin, L., Yan, R., Liu, Y., & Jiang, W. (2010). In-depth investigation of enzymatic 
hydrolysis of biomass wastes based on three major components: cellulose, 
hemicellulose and lignin. Bioresource Technology, 101(21), 8217-8223.
Lin, Y., and Tanaka, S. (2006). Ethanol fermentation from biomass resources: current 
state and prospects. Applied microbiology and biotechnology, 69(6), 627-642.
Linggang, S., Phang, L. Y., Wasoh, H., & Abd-Aziz, S. (2013). Acetone-butanol- 
ethanol production by Clostridium acetobutylicum ATCC 824 using sago pith 
residues hydrolysate. BioEnergy Research, 6(1), 321-328.
Liou, J. S. C., Balkwill, D. L., Drake, G. R., & Tanner, R. S. (2005). Clostridium 
carboxidivorans sp., a solvent-producing clostridium isolated from an 
agricultural settling lagoon, and reclassification of the acetogen Clostridium
282
scatologenes strain SL1 as Clostridium drakei sp. nov. International journal o f  
systematic and evolutionary microbiology, 55(5), 2085-2091.
Liu, D., Chen, Y., Li, A., Ding, F., Zhou, T., He, Y., and Chen, X. (2013a). Enhanced 
butanol production by modulation of electron flow in Clostridium 
acetobutylicum B3 immobilized by surface adsorption. Bioresource
Technology, 129, 321-328.
Liu, Z., Ying, Y., Li, F., Ma, C., and Xu, P. (2010). Butanol production by Clostridium 
beijerinckii ATCC 55025 from wheat bran. Journal o f  Industrial Microbiology 
and Biotechnology, 37(5), 495-501.
Long, S., Jones, D. T., and Woods, D. R. (1984). The relationship between sporulation 
and solvent production in Clostridium acetobutylicum P262. Biotechnology 
Letters, 6(8), 529-534.
Lorenz, T. C. (2012). Polymerase chain reaction: basic protocol plus troubleshooting and 
optimization strategies. Journal o f  visualized experiments: JoVE, (63).
Lou, J., Dawson, K. A., and Strobel, H. J. (1997). Cellobiose and cellodextrin 
metabolism by the ruminal bacterium Ruminococcus albus. Current 
Microbiology, 35(4), 221-227.
Lu, C., Zhao, J., Yang, S. T., and Wei, D. (2012). Fed-batch fermentation for n-butanol 
production from cassava bagasse hydrolysate in a fibrous bed bioreactor with 
continuous gas stripping. Bioresource Technology, 104, 380-387.
Lu, X., Zheng, X., Li, X., & Zhao, J. (2016). Adsorption and mechanism of cellulase
enzymes onto lignin isolated from corn stover pretreated with liquid hot
water. Biotechnology fo r  Biofuels, 9(1), 118.
Luli, G. W., and Strohl, W. R. (1990). Comparison of growth, acetate production, and 
acetate inhibition of Escherichia coli strains in batch and fed-batch 
fermentations. Applied and Environmental Microbiology, 56(4), 1004-1011.
Lund, B. M., and Peck, M. W. (2013). Guide to foodborne pathogens.
Luo, W., Wang, J., Liu, X. B., Li, H., Pan, H., Gu, Q., and Yu, X. (2013). A facile and
efficient pretreatment of corncob for bioproduction of butanol. Bioresource
Technology, 140, 86-89.
283
Maddipati, P., Atiyeh, H. K., Bellmer, D. D., & Huhnke, R. L. (2011). Ethanol 
production from syngas by Clostridium strain P11 using corn steep liquor as a 
nutrient replacement to yeast extract. Bioresource Technology, 102(11), 6494­
6501.
Maddox, I. S., Steiner, E., Hirsch, S., Wessner, S., Gutierrez, N. A., Gapes, J. R., and 
Schuster, K. C. (2000). The Cause of" Acid Crash" and" Acidogenic 
Fermentations" During the Batch Acetone-Butanol-Ethanol(ABE-) Fermentation 
Process. Journal o f  Molecular Microbiology and Biotechnology, 2(1), 95-100.
Madihah, M.S. (2002). Direct fermentation of gelatinised sago starch to solvent 
(acetone-butanol-ethanol) by Clostridium acetobutylicum P262. PhD Thesis. 
Universiti Putra Malaysia.
Madihah, M. S., Ariff, A. B., Sahaid, K. M., Suraini, A. A., and Karim, M. I. A. (2001). 
Direct fermentation of gelatinized sago starch to acetone-butanol-ethanol by 
Clostridium acetobutylicum. World Journal o f  Microbiology and Biotechnology, 
17(6), 567-576.
Maiti, S., Sarma, S. J., Brar, S. K., Le Bihan, Y., Drogui, P., Buelna, G., and Verma, M.
(2016). Agro-industrial wastes as feedstock for sustainable bio-production of 
butanol by Clostridium beijerinckii. Food and Bioproducts Processing, 98, 217­
226.
Mane, U. V., Gurav, P. N., Deshmukh, A. M., and Govindwar, S. P. (2008). 
Degradation of textile dye reactive navy-blue Rx (Reactive blue-59) by an 
isolated Actinomycete Streptomyces krainskii SUK-5. Malaysian Journal o f  
Microbiology, 4(2), 1-5.
Mangindaan, D. W., Shi, G. M., and Chung, T. S. (2014). Pervaporation dehydration of 
acetone using P84 co-polyimide flat sheet membranes modified by vapor phase 
crosslinking. Journal o f  Membrane Science, 458, 76-85.
Mani, S., Tabil, L. G., and Sokhansanj, S. (2006). Effects of compressive force, particle 
size and moisture content on mechanical properties of biomass pellets from 
grasses. Biomass and Bioenergy, 30(7), 648-654.
Mansfield, S. D. (2009). Solutions for dissolution— engineering cell walls for 
deconstruction. Current Opinion in Biotechnology, 20(3), 286-294.
284
Mansfield, S. D., Mooney, C., and Saddler, J. N. (1999). Substrate and enzyme 
characteristics that limit cellulose hydrolysis. Biotechnology Progress, 15(5), 
804-816.
Marchal, R., Ropars, M., Pourquie, J., Fayolle, F., and Vandecasteele, J. P. (1992). 
Large-scale enzymatic hydrolysis of agricultural lignocellulosic biomass. Part 2: 
Conversion into acetone-butanol. Bioresource Technology, 42(3), 205-217.
Martin, C., Fernandez, T., Garcia, R., Carrillo, E., Marcet, M., Galbe, M., and Jonsson, 
L. J. (2002). Preparation of hydrolysates from tobacco stalks and ethanolic 
fermentation by Saccharomyces cerevisiae. World Journal o f  Microbiology and 
Biotechnology, 18(9), 857-862.
Martin, J. R., Petitdemange, H., Ballongue, J., and Gay, R. (1983). Effects of acetic & 
butyric acids on solvents production by Clostridium acetobutylicum. 
Biotechnology Letters, 5(2), 89-94.
Marzialetti, T., Valenzuela Olarte, M. B., Sievers, C., Hoskins, T. J., Agrawal, P. K., and 
Jones, C. W. (2008). Dilute acid hydrolysis of Loblolly pine: A comprehensive 
approach. Industrial and Engineering Chemistry Research, 47(19), 7131-7140.
Matsudo, M. C., Bezerra, R. P., Sato, S., Perego, P., Converti, A., and Carvalho, J. C. M.
(2009). Repeated fed-batch cultivation of Arthrospira (Spirulina) platensis using 
urea as nitrogen source. Biochemical Engineering Journal, 43(1), 52-57.
May, A., Fischer, R. J., Thum, S. M., Schaffer, S., Verseck, S., Durre, P., and Bahl, H.
(2013). A modified pathway for the production of acetone in Escherichia 
coli. Metabolic Engineering, 15, 218-225.
McIntosh, S., and Vancov, T. (2010). Enhanced enzyme saccharification of Sorghum 
bicolor straw using dilute alkali pretreatment. Bioresource Technology, 101(17), 
6718-6727.
McLain, V. C. (2008). Final report of the addendum to the safety assessment of n-butyl 
alcohol as used in cosmetics. International Journal o f  Toxicology, 27, 53-69.
Mekhilef, S., Safari, A., Mustaffa, W. E. S., Saidur, R., Omar, R., and Younis, M. A. A.
(2012). Solar energy in Malaysia: current state and prospects. Renewable and 
Sustainable Energy Reviews, 16(1), 386-396.
285
Menon, V., and Rao, M. (2012). Trends in bioconversion of lignocellulose: biofuels, 
platform chemicals and biorefinery concept. Progress in Energy and Combustion 
Science, 38(4), 522-550.
Merchant, S. S., and Helmann, J. D. (2012). Elemental economy: microbial strategies for 
optimizing growth in the face of nutrient limitation. Advances in Microbial 
Physiology, 60, 91.
Merlet, G., Uribe, F., Aravena, C., Rodriguez, M., Cabezas, R., Quijada-Maldonado, E., 
& Romero, J. (2017). Separation of fermentation products from ABE mixtures 
by perstraction using hydrophobic ionic liquids as extractants. Journal o f  
Membrane Science, (537), 337-343.
Mielenz, J.R. (2009). Biofuels: methods and protocols (Vol. 581). Humana PressInc.
Miguel, A. S. M., Vitolo, M., and Pessoa, A. (2007). Fed-batch culture of recombinant 
Saccharomyces cerevisiae for glucose 6-phosphate dehydrogenase 
production. Biochemical Engineering Journal, 33(3), 248-252.
Millat, T., Janssen, H., Thorn, G. J., King, J. R., Bahl, H., Fischer, R. J., and 
Wolkenhauer, O. (2013). A shift in the dominant phenotype governs the pH- 
induced metabolic switch of Clostridium acetobutylicumin phosphate-limited 
continuous cultures. Applied Microbiology and Biotechnology, 97(14), 6451­
6466.
Miller, G. L. (1959). Use of dinitrosalicylic acid reagent for determination of reducing 
sugar. Analytical Chemistry, 31(3), 426-428.
Miller, T. L., and Wolin, M. J. (1974). A serum bottle modification of the Hungate 
technique for cultivating obligate anaerobes. Applied microbiology, 27(5), 985.
Mironczuk, A. M., Furgala, J., Rakicka, M., and Rymowicz, W. (2014). Enhanced 
production of erythritol by Yarrowia lipolytica on glycerol in repeated batch 
cultures. Journal o f  Industrial Microbiology andBiotechnology, 41(1), 57-64.
Mishra, A. K., Lagier, J. C., Robert, C., Raoult, D., and Fournier, P. E. (2012). Non 
contiguous finished genome sequence and description of Clostridium 
senegalense sp. nov. Standards in Genomic Sciences, 6(3), 386.
286
Modak, J. M., Lim, H. C., and Tayeb, Y. J. (1986). General characteristics of optimal 
feed rate profiles for various fed-batch fermentation processes. Biotechnology 
and Bioengineering, 28(9), 1396-1407.
Modig, T., Granath, K., Adler, L., and Liden, G. (2007). Anaerobic glycerol production 
by Saccharomyces cerevisiae strains under hyperosmotic stress. Applied 
Microbiology and Biotechnology, 75(2), 289.
Moeller, L., Grunberg, M., Zehnsdorf, A., Aurich, A., Bley, T., and Strehlitz, B. (2011). 
Repeated fed-batch fermentation using biosensor online control for citric acid 
production by Yarrowia lipolytica. Journal o f  Biotechnology, 153(3), 133-137.
Monlau, F., Barakat, A., Trably, E., Dumas, C., Steyer, J. P., and Carrere, H. (2013). 
Lignocellulosic materials into biohydrogen and biomethane: impact of structural 
features and pretreatment. Critical Reviews in Environmental Science and 
Technology, 43(3), 260-322.
Monot, F., and Engasser, J. M. (1983). Continuous production of acetone butanol on an 
optimized synthetic medium. European Journal o f  Applied Microbiology and 
Biotechnology, 18(4), 246-248.
Monot, F., Engasser, J. M., and Petitdemange, H. (1984). Influence of pH and 
undissociated butyric acid on the production of acetone and butanol in batch 
cultures of Clostridium acetobutylicum. Applied Microbiology & Biotechnology, 
19(6), 422-426.
Mooney, C. A., Mansfield, S. D., Touhy, M. G., and Saddler, J. N. (1998). The effect of 
initial pore volume and lignin content on the enzymatic hydrolysis of 
softwoods. Bioresource Technology, 64(2), 113-119.
Morris, J. G. (1994). Obligately anaerobic bacteria in biotechnology. Applied 
Biochemistry and Biotechnology, 48(2), 75-106.
Mosier, N., Wyman, C., Dale, B., Elander, R., Lee, Y. Y., Holtzapple, M., and Ladisch, 
M. (2005). Features of promising technologies for pretreatment of lignocellulosic 
biomass. Bioresource Technology, 96(6), 673-686.
Montgomery, D. C., and Myers, R. H. (1995). Response surface methodology. Design 
and Analysis o f  Experiments, 445-474.
287
Mubarak, N. M., Wong, J. R., Tan, K. W., Sahu, J. N., Abdullah, E. C., Jayakumar, N. 
S., and Ganesan, P. (2014). Immobilization of cellulase enzyme on 
functionalized multiwall carbon nanotubes. Journal o f  Molecular Catalysis B: 
Enzymatic, 107, 124-131.
Mutwil, M., Debolt, S., and Persson, S. (2008). Cellulose synthesis: a complex 
complex. Current Opinion in Plant Biology, 11(3), 252-257.
Nadeem, R., Naqvi, M. A., Nasir, M. H., Saeed, R., Iqbal, T., Ashraf, M., and Ansari, T. 
M. (2015). Efficacy of physically pretreated Mangifera indica biomass for Cu2+ 
and Zn2+ sequestration. Journal o f  Saudi Chemical Society, 19(1), 23-35.
Naik, S. N., Goud, V. V., Rout, P. K., and Dalai, A. K. (2010). Production of first and 
second generation biofuels: a comprehensive review. Renewable and Sustainable 
Energy Reviews, 14(2), 578-597.
Nambiar, V. S. (2012). Potential Functions of Lemon Grass Cymbopogon citratus in 
Health and Disease. International Journal o f  Pharmaceutical and Biological 
Archive, 3(5).
Napoli, F., Olivieri, G., Marzocchella, A., and Salatino, P. (2009). Bioenergy II: an 
assessment of the kinetics of butanol production by Clostridium 
acetobutylicum. International Journal o f  Chemical Reactor Engineering, 7(1).
Nautiyal, P., Subramanian, K. A., and Dastidar, M. G. (2014). Production and 
characterization of biodiesel from algae. Fuel Processing Technology, 120, 79­
88.
Ndaba, B., Chiyanzu, I., and Marx, S. (2015). n-Butanol derived from biochemical and 
chemical routes: A review. Biotechnology Reports, 8, 1-9.
Noparat, P., Prasertsan, P., and Sompong, O. (2011). Isolation and characterization of 
high hydrogen-producing strain Clostridium beijerinckii PS-3 from fermented oil 
palm sap. International Journal o f  Hydrogen Energy, 36(21), 14086-14092.
Noratiqah, K., Madihah, M. S., Aisyah, B. S., Eva, M. S., Suraini, A. A., and 
Kamarulzaman, K. (2013). Statistical optimization of enzymatic degradation 
process for oil palm empty fruit bunch (OPEFB) in rotary drum bioreactor using 
crude cellulase produced from Aspergillus niger EFB1. Biochemical engineering 
Journal, 75, 8-20.
288
Noshadi, I., Amin, N. A. S., and Parnas, R. S. (2012). Continuous production of 
biodiesel from waste cooking oil in a reactive distillation column catalyzed by 
solid heteropolyacid: optimization using response surface methodology
(RSM). Fuel, 94, 156-164.
Nurashikin, I. (2012). Potential use of oil palm empty fruit bunch for bioethanol 
production by locally isolated yeast. Universiti Teknologi Malaysia.
Omar, W. N. N. W., and Amin, N. A. S. (2011). Optimization of heterogeneous 
biodiesel production from waste cooking palm oil via response surface 
methodology. Biomass and Bioenergy, 35(3), 1329-1338.
Ogawa, H. (2008). Sustainable solid waste management in developing countries: Waste 
management. Imiesa, 33(9), 57-71.
Ong, H. C., Mahlia, T. M. I., and Masjuki, H. H. (2011). A review on energy scenario 
and sustainable energy in Malaysia. Renewable and Sustainable Energy 
Reviews, 15(1), 639-647.
Ozmihci, S., and Kargi, F. (2007). Kinetics of batch ethanol fermentation of cheese- 
whey powder (CWP) solution as function of substrate and yeast 
concentrations. Bioresource Technology, 98(16), 2978-2984.
Ozturk, M., Saba, N., Altay, V., Iqbal, R., Hakeem, K. R., Jawaid, M., and Ibrahim, F.
H. (2017). Biomass and bioenergy: An overview of the development potential in 
Turkey and Malaysia. Renewable and Sustainable Energy Reviews, 79, 1285­
1302.
Palmqvist, B., Wiman, M., and Liden, G. (2011). Effect of mixing on enzymatic 
hydrolysis of steam-pretreated spruce: a quantitative analysis of conversion and 
power consumption. Biotechnology fo r  Biofuels, 4(1), 10.
Pan, C. M., Fan, Y. T., Zhao, P., and Hou, H. W. (2008a). Fermentative hydrogen 
production by the newly isolated Clostridium beijerinckii Fanp3. International 
Journal o f  Hydrogen Energy, 33(20), 5383-5391.
Pan, X., Xie, D., Gilkes, N., Gregg, D. J., & Saddler, J. N. (2005). Strategies to enhance 
the enzymatic hydrolysis of pretreated softwood with high residual lignin 
Chemicals (pp. 1069-1079). United States of America: Humana Press.
289
Pan, L.P., Zhang, Z.Y. and Li, H.H. (2008b) Studies on the decomposition of phenolic 
allelochemicals. Proceedings o f  the 7th China National Symposium on Chemical 
Ecology, pp. 97.
Pang, Z. W., Lu, W., Zhang, H., Liang, Z. W., Liang, J. J., Du, L. W., and Feng, J. X.
(2016). Butanol production employing fed-batch fermentation by Clostridium 
acetobutylicum GX01 using alkali-pretreated sugarcane bagasse hydrolysed by 
enzymes from Thermoascus aurantiacus QS 7-2-4. Bioresource Technology, 
212, 82-91.
Panitz, J. C., Zverlov, V. V., Pham, V. T. T., Sturzl, S., Schieder, D., and Schwarz, W.
H. (2014). Isolation of a solventogenic Clostridium sp. strain: Fermentation of 
glycerol to n-butanol, analysis of the bcs operon region and its potential 
regulatory elements. Systematic and Applied Microbiology, 37(1), 1-9.
Park, J. Y., Shiroma, R., Al-Haq, M. I., Zhang, Y., Ike, M., Arai-Sanoh, Y., and 
Tokuyasu, K. (2010). A novel lime pretreatment for subsequent bioethanol 
production from rice straw-calcium capturing by carbonation (CaCCO) 
process. Bioresource Technology, 101(17), 6805-6811.
Park, S. E., Koo, H. M., Park, Y. K., Park, S. M., Park, J. C., Lee, O. K., and Seo, J. H.
(2011). Expression of aldehyde dehydrogenase 6 reduces inhibitory effect of 
furan derivatives on cell growth and ethanol production in Saccharomyces 
cerevisiae. Bioresource Technology, 102(10), 6033-6038.
Paterson, R. R. M. (2006). Ganoderma a therapeutic funga 
biofactory. Phytochemistry, 67(18), 1985-2001.
Peguin, S., and Soucaille, P. (1995). Modulation of carbon and electron flow in 
Clostridium acetobutylicum by iron limitation and methyl viologen 
addition. Applied and Environmental Microbiology, 61(1), 403-405.
Perez, J. A., Ballesteros, I., Ballesteros, M., Saez, F., Negro, M. J., and Manzanares, P. 
(2008). Optimizing liquid hot water pretreatment conditions to enhance sugar 
recovery from wheat straw for fuel-ethanol production. Fuel, 87(17), 3640-3647.
Peter, F. S., Whitaker, A., and Hall, S.J. (2016). Principles o f  Fermentation Technology. 
3rd Ed. Pergamon. 1-31.
290
Peterson, M. E., & Talcott, P. A. Small animal toxicology, 2006. Unites States of 
America: Saunders Elsevier.
Pfromm, P. H., Amanor-Boadu, V., Nelson, R., Vadlani, P., and Madl, R. (2010). Bio­
butanol vs. bio-ethanol: a technical and economic assessment for corn and 
switchgrass fermented by yeast or Clostridium acetobutylicum. Biomass and 
Bioenergy, 34(4), 515-524.
Pincu, M., and Gerber, R. B. (2012). Hydration of cellobiose: Structure and dynamics of 
cellobiose. Chemical Physics Letters, 531, 52-58.
Prasad, S., Singh, A., and Joshi, H. C. (2007). Ethanol as an alternative fuel from 
agricultural, industrial and urban residues. Resources, Conservation and 
Recycling, 50(1), 1-39.
Qu, L., Ren, L. J., Sun, G. N., Ji, X. J., Nie, Z. K., and Huang, H. (2013). Batch, fed- 
batch and repeated fed-batch fermentation processes of the marine 
thraustochytrid Schizochytrium sp. for producing docosahexaenoic 
acid. Bioprocess and Biosystems Engineering, 36(12), 1905-1912.
Quemeneur, M., Hamelin, J., Barakat, A., Steyer, J. P., Carrere, H., and Trably, E.
(2012). Inhibition of fermentative hydrogen production by lignocellulose-derived 
compounds in mixed cultures. International Journal o f  Hydrogen Energy, 37(4), 
3150-3159.
Qureshi, N., and Blaschek, H. P. (1999). Butanol recovery from model 
solution/fermentation broth by pervaporation: evaluation of membrane
performance. Biomass and Bioenergy, 17(2), 175-184.
Qureshi, N., and Blaschek, H. P. (2000). Economics of butanol fermentation using 
hyper-butanol producing Clostridium beijerinckii BA101. Food and Bioproducts 
Processing, 78(3), 139-144.
Qureshi, N., and Blaschek, H. P. (2001). Recent advances in ABE fermentation: hyper­
butanol producing Clostridium beijerinckii BA101. Journal o f  Industrial 
Microbiology and Biotechnology, 27(5), 287-291.
Qureshi, N., Ezeji, T. C., Ebener, J., Dien, B. S., Cotta, M. A., and Blaschek, H. P. 
(2008). Butanol production by Clostridium beijerinckii. Part I: use of acid and 
enzyme hydrolyzed corn fiber. Bioresource Technology, 99(13), 5915-5922.
291
Qureshi, N., and Maddox, I. S. (1988). Reactor design for the ABE fermentation using 
cells of Clostridium acetobutylicum immobilized by adsorption onto 
bonechar. Bioprocess Engineering, 3(2), 69-72.
Qureshi, N., and Maddox, I. S. (1990). Integration of continuous production and 
recovery of solvents from whey permeate: use of immobilized cells of 
Clostridium acetobutylicum in a flutilized bed reactor coupled with gas 
stripping. Bioprocess and Biosystems Engineering, 6(1), 63-69.
Qureshi, N., Meagher, M. M., Huang, J., and Hutkins, R. W. (2001). Acetone butanol 
ethanol (ABE) recovery by pervaporation using silicalite-silicone composite 
membrane from fed-batch reactor of Clostridium acetobutylicum. Journal o f  
Membrane Science, 187(1), 93-102.
Qureshi, N., Saha, B. C., and Cotta, M. A. (2007). Butanol production from wheat straw 
hydrolysate using C. beijerinckii. Bioprocess & Biosystems Engineering, 30(6), 
419-427.
Qureshi, N., Saha, B. C., Hector, R. E., Hughes, S. R., & Cotta, M. A. (2008). Butanol 
production from wheat straw by simultaneous saccharification and fermentation 
using Clostridium beijerinckii: Part I—Batch fermentation. Biomass and 
Bioenergy, 32(2), 168-175.
Qureshi, N., Singh, V., Liu, S., Ezeji, T. C., Saha, B. C., and Cotta, M. A. (2014). 
Process integration for simultaneous saccharification, fermentation, and recovery 
(SSFR): production of butanol from corn stover using Clostridium beijerinckii 
P260. Bioresource Technology, 154, 222-228.
Radler, F., & Zorg, J. (1986). Characterization of the enzyme involved in formation of 
2-butanol from meso-2, 3-butanediol by lactic acid bacteria. American journal o f  
Enology and Viticulture, 37(3), 206-210.
Raganati, F., Olivieri, G., Procentese, A., Russo, M. E., Salatino, P., and Marzocchella, 
A. (2013). Butanol production by bioconversion of cheese whey in a continuous 
packed bed reactor. Bioresource Technology, 138, 259-265.
Rahnama, N., Foo, H. L., Rahman, N. A. A., Ariff, A., & Shah, U. K. M. (2014). 
Saccharification of rice straw by cellulase from a local Trichoderma harzianum 
SNRS3 for biobutanol production. BMC Biotechnology, 14(1), 103.
292
Ramadoss, G., and Muthukumar, K. (2015). Influence of dual salt on the pretreatment of 
sugarcane bagasse with hydrogen peroxide for bioethanol production. Chemical 
Engineering Journal, 260, 178-187.
Ramey, D. E., and Yang, S. T. (2005). Production of butyric acid and butanol from 
biomass (No. DOE-ER86106J. Environmental Energy Inc, PO 15, Blacklick, OH 
43004.
Ranjan, A., and Moholkar, V. S. (2012). Biobutanol: science, engineering, and 
economics. International Journal o f  Energy Research, 36(3), 277-323.
Rao, A., Sathiavelu, A., and Mythili, S. (2016). Genetic engineering in biobutanol 
production and tolerance. Brazilian Archives o f  Biology and Technology, 59.
Rao, G., and Mutharasan, R. (1986). Alcohol production by Clostridium acetobutylicum 
induced by methyl viologen. Biotechnology Letters, 8(12), 893-896.
Reddy, C. A., Beveridge, T. J., Breznak, J. A., and Marzluf, G. (Eds.). (2007). Methods 
fo r  general and molecular microbiology. American Society for Microbiology 
Press: United State of America.
Richter, H., Qureshi, N., Heger, S., Dien, B., Cotta, M. A., and Angenent, L. T. (2012). 
Prolonged conversion of n-butyrate to n-butanol with Clostridium 
saccharoperbutylacetonicum in a two-stage continuous culture with in-situ 
product removal. Biotechnology and Bioengineering, 109(4), 913-921.
Rodrigues, A. C., Haven, M. 0 ., Lindedam, J., Felby, C., and Gama, M. (2015). 
Celluclast and Cellic® CTec2: Saccharification/fermentation of wheat straw, 
solid-liquid partition and potential of enzyme recycling by alkaline 
washing. Enzyme and Microbial Technology, 79, 70-77.
Rogers, P. (1986). Genetics and biochemistry of Clostridium relevant to development of 
fermentation processes. Advances in applied microbiology, 31, 1-60.
Ross, D. S. (1973). Acute acetone intoxication involving eight male workers. The Annals 
o f  Occupational Hygiene, 16(1), 73-75.
Sahoo, D., Ummalyma, S. B., Kumar, O. A., Pandey, A., Sankar, M., and Sukumaran, R. 
K. (2018). Effect of dilute acid pretreatment of wild rice grass (Zizania latifolia) 
from Loktak Lake for enzymatic hydrolysis. Bioresource Technology, (253), 
252-255.
293
Saitoh, Y., Suzuki, H., Tani, K., Nishikawa, K., Irie, K., Ogura, Y., and Fujiyoshi, Y.
(2015). Structural insight into tight junction disassembly by Clostridium 
perfringens enterotoxin. Science, 347(6223), 775-778.
Salleh, M. M., Tsuey, L. S., and Ariff, A. B. (2008). The profile of enzymes relevant to 
solvent production during direct fermentation of sago starch by Clostridium 
saccharobutylicum P262 utilizing different pH control strategies. Biotechnology 
and Bioprocess Engineering, 13(1), 33-39.
Samanta, H. S., and Ray, S. K. (2015). Separation of ethanol from water by 
pervaporation using mixed matrix copolymer membranes. Separation and 
Purification Technology, 146, 176-186.
Sarkar, N., Ghosh, S. K., Bannerjee, S., & Aikat, K. (2012). Bioethanol production from 
agricultural wastes: an overview. Renewable energy, 37(1), 19-27.
Saxena, R. C., Adhikari, D. K., and Goyal, H. B. (2009). Biomass-based energy fuel 
through biochemical routes: a review. Renewable and Sustainable Energy 
Reviews, 13(1), 167-178.
Schardinger, F. (1905). Bacillus macerans, ein Aceton bildender Rottebacillus. Zbl 
Bakteriol Parasitenkd Infektionskr Hyg Abt II, 14, 772-781.
Scotcher, M. C., and Bennett, G. N. (2005). SpoIIE regulates sporulation but does not 
directly affect solventogenesis in Clostridium acetobutylicum ATCC 
824. Journal o f  Bacteriology, 187(6), 1930-1936.
Setlhaku, M., Brunberg, S., del Amor Villa, E., and Wichmann, R. (2012). Improvement 
in the bioreactor specific productivity by coupling continuous reactor with 
repeated fed-batch reactor for acetone-butanol-ethanol production. Journal o f  
Biotechnology, 161(2), 147-152.
Shafie, S. M., Mahlia, T. M. I., Masjuki, H. H., and Ahmad-Yazid, A. (2012). A review 
on electricity generation based on biomass residue in Malaysia. Renewable and 
Sustainable Energy Reviews, 16(8), 5879-5889.
Shahabazuddin, M., Chandra, T. S., Meena, S., Sukumaran, R. K., Shetty, N. P., and 
Mudliar, S. N. (2018). Thermal assisted alkaline pretreatment of rice husk for 
enhanced biomass deconstruction and enzymatic saccharification: Physico­
chemical and structural characterization. Bioresource Technology, 263, 199-206.
294
Shakeri, M., Sugano, Y., and Shoda, M. (2007). Production of dye-decolorizing 
peroxidase (rDyP) from complex substrates by repeated-batch and fed-batch 
cultures of recombinant Aspergillus oryzae. Journal o f  Bioscience and 
Bioengineering, 103(2), 129-134.
Shankar, R., Madihah, M. S., Shaza, E. M., KO, N. A., Suraini, A. A., and 
Kamarulzaman, K. (2014). Application of different feeding strategies in fed 
batch culture for pullulanase production using sago starch. Carbohydrate 
Polymers, 102, 962-969.
Shen, C. R., Lan, E. I., Dekishima, Y., Baez, A., Cho, K. M., and Liao, J. C. (2011). 
Driving forces enable high-titer anaerobic 1-butanol synthesis in Escherichia 
coli. Applied and Environmental Microbiology, 77(9), 2905-2915.
Shewry, P. R. (2001). Biochemistry and Molecular Biology of Plants. BB Buchanan, W. 
Gruissem and RL Jones (eds), (2000). Plant Growth Regulation, 35(1), 105-106.
Shi, J., Ebrik, M. A., and Wyman, C. E. (2011). Sugar yields from dilute sulfuric acid 
and sulfur dioxide pretreatments and subsequent enzymatic hydrolysis of 
switchgrass. Bioresource Technology, 102(19), 8930-8938.
Shi, Y., Li, Y. X., and Li, Y. Y. (2010). Large number of phosphotransferase genes in 
the Clostridium beijerinckii NCIMB 8052 genome and the study on their 
evolution. BMC Bioinformatics, 11(11), S9.
Shi, Z., and Blaschek, H. P. (2008). Transcriptional analysis of Clostridium beijerinckii 
NCIMB 8052 and the hyper-butanol-producing mutant BA101 during the shift 
from acidogenesis to solventogenesis. Applied and Environmental Microbiology 
74(24), 7709-7714.
Shimizu, F. L., Monteiro, P. Q., Ghiraldi, P. H. C., Melati, R. B., Pagnocca, F. C., de 
Souza, W., and Brienzo, M. (2018). Acid, alkali and peroxide pretreatments 
increase the cellulose accessibility and glucose yield of banana 
pseudostem. Industrial Crops and Products, 115, 62-68.
Shirkavand, E., Baroutian, S., Gapes, D. J., and Young, B. R. (2016). Combination of 
fungal and physicochemical processes for lignocellulosic biomass pretreatment- 
A review. Renewable and Sustainable Energy Reviews, 54, 217-234.
295
Shuai, L., Yang, Q., Zhu, J. Y., Lu, F. C., Weimer, P. J., Ralph, J., and Pan, X. J. (2010). 
Comparative study of SPORL and dilute-acid pretreatments of spruce for 
cellulosic ethanol production. Bioresource Technology, 101(9), 3106-3114.
Shukor, H., Al-Shorgani, N. K. N., Abdeshahian, P., Hamid, A. A., Anuar, N., Rahman, 
N. A., and Kalil, M. S. (2014). Biobutanol production from palm kernel cake 
(PKC) using Clostridium saccharoperbutylacetonicum N1-4 in batch culture 
fermentation. BioResources, 9(3), 5325-5338.
Sills, D. L., and Gossett, J. M. (2011). Assessment of commercial hemicellulases for 
saccharification of alkaline pretreated perennial biomass. Bioresource 
Technology, 102(2), 1389-1398.
Silva, G. F., Camargo, F. L., and Ferreira, A. L. (2011). Application of response surface 
methodology for optimization of biodiesel production by transesterification of 
soybean oil with ethanol. Fuel Processing Technology, 92(3), 407-413.
Sindhu, R., Kuttiraja, M., Binod, P., Sukumaran, R. K., and Pandey, A. (2014). 
Physicochemical characterization of alkali pretreated sugarcane tops and 
optimization of enzymatic saccharification using response surface 
methodology. Renewable Energy, 62, 362-368.
Singh, A., and Mishra, P. (1995). Microbial pentose utilization: current applications in 
biotechnology (Vol. 33) (1-21). Canada: Elsevier.
Singh, R., Shukla, A., Tiwari, S., and Srivastava, M. (2014). A review on delignification 
of lignocellulosic biomass for enhancement of ethanol production 
potential. Renewable and Sustainable Energy Reviews, 32, 713-728.
Sivagnanam, K., Raghavan, V. G., Shah, M., Hettich, R. L., Verberkmoes, N. C., and 
Lefsrud, M. G. (2011). Comparative shotgun proteomic analysis of Clostridium 
acetobutylicum from butanol fermentation using glucose and xylose. Proteome 
Science, 9(1), 66.
Slininger, P. J., Bothast, R. J., Ladisch, M. R., and Okos, M. R. (1990). Optimum pH 
and temperature conditions for xylose fermentation by Pichia
stipitis. Biotechnology and Bioengineering, 35(7), 727-731.
Smith, D. R. (1996). Agarose gel electrophoresis. In Basic DNA and RNA Protocols (pp. 
17-21). Humana Press.
296
Smith, J. E., Rowan, N. J., and Sullivan, R. (2002). Medicinal mushrooms: a rapidly 
developing area of biotechnology for cancer therapy and other 
bioactivities. Biotechnology Letters, 24(22), 1839-1845.
Somerville, C. (2006). Cellulose synthesis in higher plants. Annual Review o f  Cell and 
Development Biology, 22, 53-78.
Somrutai, W., Takagi, M., and Yoshida, T. (1996). Acetone-butanol fermentation by 
Clostridium aurantibutyricum ATCC 17777 from a model medium for palm oil 
mill effluent. Journal o f  Fermentation and Bioengineering, 81(6), 543-547.
Sorensen, T. H., Cruys-Bagger, N., Windahl, M. S., Badino, S. F., Borch, K., and Westh, 
P. (2015). Temperature effects on kinetic parameters and substrate affinity of 
Cel7A cellobiohydrolases. Journal o f  Biological Chemistry, 290(36), 22193­
22202.
Speranza, G., Corti, S., Fontana, G., Manitto, P., Galli, A., Scarpellini, M., and Chialva, 
F. (1997). Conversion of meso-2, 3-butanediol into 2-butanol by lactobacilli. 
Stereochemical and enzymatic aspects. Journal o f  agricultural and food  
chemistry, 45(9), 3476-3480.
Spivey, M. J. (1978). Acetone-butanol-ethanol fermentation. Process 
Biochemistry, 13(11).
Srivastava, A. K., and Volesky, B. (1990). Updated model of the batch acetone-butanol 
fermentation. Biotechnology Letters, 12(9), 693-698.
Stanbury, P. F., Whitaker, A., and Hall, S. J. (2013). Principles o f  Fermentation 
Technology. Unites Sates of America. Elsevier.
Statistics, D.O., (2014). Supply and Utilization Accounts Selected Agricultural 
Commodities: Malaysia 2009-2013. Department of Statistics Malaysia, 
Malaysia.
Steen, E. J., Chan, R., Prasad, N., Myers, S., Petzold, C. J., Redding, A., and Keasling, J. 
D. (2008). Metabolic engineering of Saccharomyces cerevisiae for the 
production of n-butanol. Microbial Cell Factories, 7(1), 36.
Steinigeweg, S., & Gmehling, J. (2002). n-Butyl acetate synthesis via reactive 
distillation: thermodynamic aspects, reaction kinetics, pilot-plant experiments,
297
and simulation studies. Industrial & engineering chemistry research, 41(22), 
5483-5490.
Su, H., Zhao, Y., Wang, M., and Xu, Y. (2015). Development and application of a novel 
screening method and experimental use of the mutant bacterial strain Clostridium 
beijerinckii NCIMB 8052 for production of butanol via fermentation of fresh 
cassava. RSCAdvances, 5(17), 12624-12637.
Sun, R., Lawther, J. M., and Banks, W. B. (1995). Influence of alkaline pre-treatments 
on the cell wall components of wheat straw. Industrial Crops and Products, 4(2), 
127-145.
Sun, Y. E., & Cheng, J. J. (2005). Dilute acid pretreatment of rye straw and Bermuda 
grass for ethanol production. Bioresource Technology, 96(14), 1599-1606.
Sun, Y., and Cheng, J. (2002). Hydrolysis of lignocellulosic materials for ethanol 
production: a review. Bioresource Technology, 83(1), 1-11.
Suzuki, Y., Kelly, S. D., Kemner, K. M., & Banfield, J. F. (2003). Microbial populations 
stimulated for hexavalent uranium reduction in uranium mine sediment. Applied 
and Environmental Microbiology, 69(3), 1337-1346.
Swana, J., Yang, Y., Behnam, M., and Thompson, R. (2011). An analysis of net energy 
production and feedstock availability for biobutanol and bioethanol. Bioresource 
Technology, 102(2), 2112-2117.
Taherzadeh, M. J., and Karimi, K. (2007). Acid-based hydrolysis processes for ethanol 
from lignocellulosic materials: a review. BioResources, 2(3), 472-499.
Talebnia, F., Karakashev, D., and Angelidaki, I. (2010). Production of bioethanol from 
wheat straw: an overview on pretreatment, hydrolysis and
fermentation. Bioresource Technology, 101(13), 4744-4753.
Tamura, K., Nei, M., & Kumar, S. (2004). Prospects for inferring very large phylogenies 
by using the neighbor-joining method. Proceedings o f  the National Academy o f  
Sciences o f  the United States o f  America, 101(30), 11030-11035.
Tan, T., Lu, J., Nie, K., Deng, L., and Wang, F. (2010). Biodiesel production with 
immobilized lipase: a review. Biotechnology Advances, 28(5), 628-634.
Taormina, P. J., Bartholomew, G. W., and Dorsa, W. J. (2003). Incidence of Clostridium 
perfringens in commercially produced cured raw meat product mixtures and
298
behavior in cooked products during chilling and refrigerated storage. Journal o f  
Food Protection, 66(1), 72-81.
Tashiro, Y., and Sonomoto, K. (2010). Advances in butanol production by 
clostridia. Current research, technology and education topics in applied 
microbiology and microbial biotechnology, 2, 1383-94.
Tashiro, Y., Takeda, K., Kobayashi, G., and Sonomoto, K. (2005). High production of 
acetone-butanol-ethanol with high cell density culture by cell-recycling and 
bleeding. Journal o f  Biotechnology, 120(2), 197-206.
Tashiro, Y., Takeda, K., Kobayashi, G., Sonomoto, K., Ishizaki, A., & Yoshino, S. 
(2004). High butanol production by Clostridium saccharoperbutylacetonicum 
N1-4 in fed-batch culture with pH-stat continuous butyric acid and glucose 
feeding method. Journal o f  Bioscience and Bioengineering, 98(4), 263-268.
Terracciano, J. S., and Kashket, E. R. (1986). Intracellular conditions required for 
initiation of solvent production by Clostridium acetobutylicum. Applied and 
Environmental Microbiology, 52(1), 86-91.
Theerarattananoon, K., Wu, X., Staggenborg, S., Propheter, J., Madl, R., and Wang, D.
(2010). Evaluation and characterization of sorghum biomass as feedstock for 
sugar production. Transactions o f  the ASABE, 53(2), 509-525.
Tippkotter, N., Duwe, A. M., Wiesen, S., Sieker, T., and Ulber, R. (2014). Enzymatic 
hydrolysis of beech wood lignocellulose at high solid contents and its utilization 
as substrate for the production of biobutanol and dicarboxylic acids. Bioresource 
Technology, 167, 447-455.
Tracy, B. P., Jones, S. W., and Papoutsakis, E. T. (2011). Inactivation of oE and oG in 
Clostridium acetobutylicum illuminates their roles in clostridial-cell-form 
biogenesis, granulose synthesis, solventogenesis, and spore morphogenesis. 
Journal o f  Bacteriology, 193(6), 1414-1426.
Tran, H. T. M., Cheirsilp, B., Hodgson, B., and Umsakul, K. (2010). Potential use of 
Bacillus subtilis in a co-culture with Clostridium butylicum for acetone-butanol- 
ethanol production from cassava starch. Biochemical Engineering Journal, 48(2), 
260-267.
299
Tsai, T. Y., Lo, Y. C., and Chang, J. S. (2014). Effect of medium composition and pH 
control strategies on butanol fermentation with Clostridium 
acetobutylicum. Energy Procedia, 61, 1691-1694.
Tsao, G. T., Ouyang, P., and Chen, J. (Eds.). (2010). Biotechnology in China II: 
Chemicals, Energy and Environment (Vol. 122) (1-31). Springer.
Tumuluru, J. S., Tabil, L. G., Song, Y., Iroba, K. L., and Meda, V. (2015). Impact of 
process conditions on the density and durability of wheat, oat, canola, and barley 
straw briquettes. BioEnergy Research, 8(1), 388-401.
Tzortzakis, N. G., and Economakis, C. D. (2007). Antifungal activity of lemongrass 
(Cympopogon citratus) essential oil against key postharvest
pathogens. Innovative Food Science and Emerging Technologies, 8(2), 253-258.
Ujor, V., Agu, C. V., Gopalan, V., and Ezeji, T. C. (2014). Glycerol supplementation of 
the growth medium enhances in situ detoxification of furfural by C.beijerinckii 
during butanol fermentation. Applied Microbiology and Biotechnology, 98(14), 
6511-6521.
Vallejos, M. E., Felissia, F. E., Cruvelo, A. A., Zambon, M. D., Ramos, L., and Area, M. 
C. (2011). Chemical and physico-chemical characterization of lignins obtained 
from ethanol-water fractionation of bagasse. BioResources, 6(2), 1158-1171.
Van der weijde, Tim, Claire L. Alvim Kamei, Andres F. Torres, Wilfred Vermerris, 
Oene Dolstra, Richard GF Visser, and Luisa M. Trindade. "The potential of C4 
grasses for cellulosic biofuel production." Frontiers in Plant Science 4 (2013).
Vanholme, R., Demedts, B., Morreel, K., Ralph, J., and Boerjan, W. (2010). Lignin 
biosynthesis and structure. Plant Physiology, 153(3), 895-905.
Van Vleet, J. H., and Jeffries, T. W. (2009). Yeast metabolic engineering for 
hemicellulosic ethanol production. Current Opinion in Biotechnology, 20(3), 
300-306.
Vasconcelos, I., Girbal, L., and Soucaille, P. (1994). Regulation of carbon and electron 
flow in Clostridium acetobutylicum grown in chemostat culture at neutral pH on 
mixtures of glucose and glycerol. Journal o f  Bacteriology, 176(5), 1443.
300
Veettil, S. I., Kumar, L., & Koukoulas, A. A. (2016). Can Microbially Derived 
Advanced Biofuels Ever Compete with Conventional Bioethanol? A Critical 
Review. BioResources, 11(4), 10711-10755.
Ventura, J. R. S., Hu, H., and Jahng, D. (2013). Enhanced butanol production in 
Clostridium acetobutylicum ATCC 824 by double overexpression of 6- 
phosphofructokinase and pyruvate kinase genes. Applied Microbiology and 
Biotechnology, 97(16), 7505-7516.
Vichuviwat, R., Boonsombuti, A., Luengnaruemitchai, A., and Wongkasemjit, S.
(2014). Enhanced butanol production by immobilized Clostridium beijerinckii 
TISTR 1461 using zeolite 13X as a carrier. Bioresource Technology, 172, 76-82.
Von Sivers, M., and Zacchi, G. (1995). A techno-economical comparison of three 
processes for the production of ethanol from pine. Bioresource Technology, 
51(1), 43-52.
Wan, W. A. A. Q. I., Latif, N. A., Harvey, L. M., and McNeil, B. (2016). Production of 
exopolysaccharide by Ganoderma lucidum in a repeated-batch
fermentation. Biocatalysis and Agricultural Biotechnology, 6, 91-101.
Wang, G., Zhang, S., Xu, W., Qi, W., Yan, Y., and Xu, Q. (2015). Efficient
saccharification by pretreatment of bagasse pith with ionic liquid and acid
solutions simultaneously. Energy Conversion and Management, 89, 120-126.
Wang, L., and Chen, H. (2011). Increased fermentability of enzymatically hydrolyzed 
steam-exploded corn stover for butanol production by removal of fermentation 
inhibitors. Process Biochemistry, 46(2), 604-607.
Wang, L., Littlewood, J., and Murphy, R. J. (2013). Environmental sustainability of 
bioethanol production from wheat straw in the UK. Renewable and Sustainable 
Energy Reviews, 28, 715-725.
Wang, L., Ridgway, D., Gu, T., and Moo-Young, M. (2005). Bioprocessing strategies to 
improve heterologous protein production in filamentous fungal
fermentations. Biotechnology Advances, 23(2), 115-129.
Wang, Q., Ma, H., Xu, W., Gong, L., Zhang, W., and Zou, D. (2008). Ethanol 
production from kitchen garbage using response surface 
methodology. Biochemical Engineering Journal, 39(3), 604-610.
301
Wang, Y., and Blaschek, H. P. (2011). Optimization of butanol production from tropical 
maize stalk juice by fermentation with Clostridium beijerinckii NCIMB 
8052. Bioresource Technology, 102(21), 9985-9990.
Wang, Y., Guo, W., Cheng, C. L., Ho, S. H., Chang, J. S., and Ren, N. (2016b). 
Enhancing bio-butanol production from biomass of Chlorella vulgaris JSC-6 
with sequential alkali pretreatment and acid hydrolysis. Bioresource
Technology, 200, 557-564.
Wang, Y., Meng, H., Cai, D., Wang, B., Qin, P., Wang, Z., and Tan, T. (2016c). 
Improvement of L-lactic acid productivity from sweet sorghum juice by repeated 
batch fermentation coupled with membrane separation. Bioresource
Technology, 211, 291-297.
Wang, Z., Keshwani, D. R., Redding, A. P., and Cheng, J. J. (2010). Sodium hydroxide 
pretreatment and enzymatic hydrolysis of coastal Bermuda grass. Bioresource 
technology, 101(10), 3583-3585.
Wasserman, R. L., Stein, M. R., Kobrynski, L. J., Gupta, S., Grant, J. A., Rubinstein, A., 
and Yel, L. (2016). Efficacy of recombinant human hyaluronidase-facilitated 
subcutaneous infusion of immunoglobulin G (IgG)(IGHy) in patients with 
primary immunodeficiency disease (PIDD): Infections over time. Journal o f  
Allergy and Clinical Immunology, 137(2), AB219.
Wechgama, K., Laopaiboon, L., and Laopaiboon, P. (2017). Enhancement of batch 
butanol production from sugarcane molasses using nitrogen supplementation 
integrated with gas stripping for product recovery. Industrial Crops and 
Products, 95, 216-226.
Weiss, N. D., Farmer, J. D., & Schell, D. J. (2010). Impact of corn stover composition 
on hemicellulose conversion during dilute acid pretreatment and enzymatic 
cellulose digestibility of the pretreated solids. Bioresource Technology, 101(2), 
674-678.
Welsh, F. W., Williams, R. E., and Veliky, I. A. (1987). Organic and inorganic nitrogen 
source effects on the metabolism of Clostridium acetobytulicum. Applied 
Microbiology and Biotechnology, 26(4), 369-372.
302
Whitcomb, P. J., and Anderson, M. J. (2004). RSM  simplified: optimizing processes 
using response surface methods fo r  design o f  experiments. New York: CRC 
press.
Wi, S. G., Cho, E. J., Lee, D. S., Lee, S. J., Lee, Y. J., & Bae, H. J. (2015). 
Lignocellulose conversion for biofuel: a new pretreatment greatly improves 
downstream biocatalytic hydrolysis of various lignocellulosic materials. 
Biotechnology fo r  biofuels, 8(1), 228.
Wu, F., & Law, C. K. (2013). An experimental and mechanistic study on the laminar 
flame speed, Markstein length and flame chemistry of the butanol 
isomers. Combustion and Flame, 160(12), 2744-2756.
Wu, H., Nithyanandan, K., Zhou, N., Lee, T. H., Chia-fon, F. L., and Zhang, C. (2015). 
Impacts of acetone on the spray combustion of acetone-butanol-ethanol (ABE)- 
Diesel blends under low ambient temperature. Fuel, 142, 109-116.
Wu, H., Wang, C., Chen, P., He, A. Y., Xing, F. X., Kong, X. P., and Jiang, M. (2017). 
Effects of pH and ferrous iron on the coproduction of butanol and hydrogen by 
Clostridium beijerinckii IB4. International Journal o f  Hydrogen Energy, 42(10), 
6547-6555.
Wyman, C. E., Dale, B. E., Elander, R. T., Holtzapple, M., Ladisch, M. R., and Lee, Y. 
Y. (2005). Coordinated development of leading biomass pretreatment 
technologies. Bioresource Technology, 96(18), 1959-1966.
Wyman, C. E., Dale, B. E., Elander, R. T., Holtzapple, M., Ladisch, M. R., Lee, Y. Y., 
and Saddler, J. N. (2009). Comparative sugar recovery and fermentation data 
following pretreatment of poplar wood by leading technologies. Biotechnology 
Progress, 25(2), 333-339.
Xiang, Q., Lee, Y. Y., Pettersson, P. O., and Torget, R. W. (2003). Heterogeneous 
aspects of acid hydrolysis of a-cellulose. In Biotechnology fo r  Fuels and 
Chemicals (pp. 505-514). United States of America: Humana press.
Xu, J., Thomsen, M. H., and Thomsen, A. B. (2009). Enzymatic hydrolysis and 
fermentability of corn stover pretreated by lactic acid and/or acetic acid. Journal 
o f  Biotechnology, 139(4), 300-305.
303
Xue, C., Zhao, J., Lu, C., Yang, S. T., Bai, F., and Tang, I. (2012). High-titer n-butanol 
production by Clostridium acetobutylicum JB200 in fed-batch fermentation with 
intermittent gas stripping. Biotechnology and Bioengineering, 109(11), 2746­
2756.
Yadav, S., Rawat, G., Tripathi, P., and Saxena, R. K. (2014). Dual substrate strategy to 
enhance butanol production using high cell inoculum and its efficient recovery 
by pervaporation. Bioresource Technology, 152, 377-383.
Yamane, T., and Shimizu, S. (1984). Fed-batch techniques in microbial processes. 
In Bioprocess parameter control (pp. 147-194). New York: Springer, Berlin, 
Heidelberg.
Yang, B., and Wyman, C. E. (2004). Effect of xylan and lignin removal by batch and 
flow through pretreatment on the enzymatic digestibility of corn stover 
cellulose. Biotechnology and Bioengineering, 86(1), 88-98.
Yang, B., & Wyman, C. E. (2008). Pretreatment: the key to unlocking low-cost 
cellulosic ethanol. Biofuels, Bioproducts and Biorefining, 2(1), 26-40.
Yang, M., Kuittinen, S., Zhang, J., Vepsalainen, J., Keinanen, M., and Pappinen, A.
(2015). Co-fermentation of hemicellulose and starch from barley straw and grain 
for efficient pentoses utilization in acetone-butanol-ethanol 
production. Bioresource Technology, 179, 128-135.
Yang, X., and Tsao, G. T. (1995). Enhanced acetone-butanol fermentation using 
repeated fed-batch operation coupled with cell recycle by membrane and 
simultaneous removal of inhibitory products by adsorption. Biotechnology and 
Bioengineering, 47(4), 444-450.
Yerushalmi, L., and Volesky, B. (1985). Importance of agitation in acetone-butanol 
fermentation. Biotechnology and Bioengineering, 27(9), 1297.
Yerushalmi, L., Volesky, B., and Szczesny, T. (1985). Effect of increased hydrogen 
partial pressure on the acetone-butanol fermentation by Clostridium 
acetobutylicum. Applied Microbiology and Biotechnology, 22(2), 103-107.
Yoon, C. J., and Kim, K. W. (2008). Anatomical descriptions of silicified woods from 
Madagascar and Indonesia by scanning electron microscopy. Micron, 39(7), 825­
831.
304
Yoshida, F., Yamane, T., and Nakamoto, K. (1973). Fed batch hydrocarbon 
fermentations with colloidal emulsion feed. Biotechnology and Bioengineering. 
15, 257-270.
Yu, Q., Zhuang, X., Yuan, Z., Wang, Q., Qi, W., Wang, W., and Xu, H. (2010). Two- 
step liquid hot water pretreatment of Eucalyptus grandis to enhance sugar 
recovery and enzymatic digestibility of cellulose. Bioresource Technology, 
101(13), 4895-4899.
Yuan, Xing, Z., Jia, L., Guang, M.Z., Jingang, S., Jingyi, T., and Guohe, H. (2008). 
Optimization of conversion of waste rapeseed oil with high FFA to biodiesel 
using response surface methodology. Renewable Energy, 33(7), 1678-1684.
Yucel, Y. (2012). Optimization of biocatalytic biodiesel production from pomace oil 
using response surface methodology. Fuel Processing Technology, 99, 97-102.
Yusof, S. J. H. M., Takriff, M. S., Amir, A., Kadhum, H., Mohammad, A. W., and 
Jahim, J. (2010). The effect of initial butyric acid addition on ABE fermentation 
by C. acetobutylicum NCIMB 619. Journal o f  Applied Science, 10(21), 2709­
2712.
Zeitsch, K. J. (2000). The chemistry and technology o f  furfural and its many by­
products (Vol. 13). New York: Elsevier.
Zhang, D. S., Yang, Q., Zhu, J. Y., and Pan, X. J. (2013). Sulfite (SPORL) pretreatment 
of switchgrass for enzymatic saccharification. Bioresource Technology, 129, 
127-134.
Zhang, J., Wang, Y., Zhang, L., Zhang, R., Liu, G., and Cheng, G. (2014a). 
Understanding changes in cellulose crystalline structure of lignocellulosic 
biomass during ionic liquid pretreatment by XRD. Bioresource Technology, 151, 
402-405.
Zhang, Y., Chen, X., Qi, B., Luo, J., Shen, F., Su, Y., and Wan, Y. (2014b). Improving 
lactic acid productivity from wheat straw hydrolysates by membrane integrated 
repeated batch fermentation under non-sterilized conditions. Bioresource 
Technology, 163, 160-166.
305
Zhang, Y. H. P., Ding, S. Y., Mielenz, J. R., Cui, J. B., Elander, R. T., Laser, M., and 
Lynd, L. R. (2007). Fractionating recalcitrant lignocellulose at modest reaction 
conditions. Biotechnology and Bioengineering, 97(2), 214-223.
Zhang, Y., Ma, Y., Yang, F., and Zhang, C. (2009). Continuous acetone-butanol- 
ethanol production by corn stalk immobilized cells. Journal o f  Industrial 
Microbiology and Biotechnology, 36(8), 1117-1121.
Zhao, X., Condruz, S., Chen, J., and Jolicoeur, M. (2016). A quantitative metabolomics 
study of high sodium response in Clostridium acetobutylicum ATCC 824 
acetone-butanol-ethanol (ABE) fermentation. Scientific Reports, 6, 28307.
Zhao, X., Hu, C., Wu, S., Shen, H., and Zhao, Z. K. (2011a). Lipid production by 
Rhodosporidium toruloides Y4 using different substrate feeding 
strategies. Journal o f  Industrial Microbiology and Biotechnology, 38(5), 627­
632.
Zhao, X., Xing, D., Fu, N., Liu, B., and Ren, N. (2011b). Hydrogen production by the 
newly isolated Clostridium beijerinckii RZF-1108. Bioresource 
Technology, 102(18), 8432-8436.
Zhao, Y., Wang, Y., Zhu, J. Y., Ragauskas, A., and Deng, Y. (2008). Enhanced 
enzymatic hydrolysis of spruce by alkaline pretreatment at low 
temperature. Biotechnology and Bioengineering, 99(6), 1320-1328.
Zhu, J. Y., Wang, G. S., Pan, X. J., and Gleisner, R. (2009). Specific surface to evaluate 
the efficiencies of milling and pretreatment of wood for enzymatic 
saccharification. Chemical Engineering Science, 64(3), 474-485.
Zhu, S., Wu, Y., Chen, Q., Yu, Z., Wang, C., Jin, S., and Wu, G. (2006). Dissolution of 
cellulose with ionic liquids and its application: a mini-review. Green 
Chemistry, 8(4), 325-327.
Zhuang, X., Wang, W., Yu, Q., Qi, W., Wang, Q., Tan, X., and Yuan, Z. (2016). Liquid 
hot water pretreatment of lignocellulosic biomass for bioethanol production 
accompanying with high valuable products. Bioresource Technology, 199, 68-75
